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INTRODUCTION 
With the publication of this second supplement, NASA SP-7003 (02), to the Continuing 
Bibliography on “Lunar Surface Studies” (SP-7003), the National Aeronautics and Space 
Administration continues its program of distributing selected references to reports and 
articles on aerospace subjects that are currently receiving intensive study. All references 
have been announced in either Scientific and Technical Aerospace Reports (STAR)  or Inter- 
national Aerospace Abstracts ( I A  A ). They are assembled in this bibliography to provide a 
reliable and convenient source of information for use by scientists and engineers who require 
this kind of specialized compilation. In order to assure that the distribution of this informa- 
tion will be sustained, Continuing Bibliographies are updated periodically through the 
publication of supplements which can be appended to the original issue. 
The subject of Lunar Surface Studies is one which encompasses several scientific 
fields. As a consequence, this bibliography contains references to a variety of specific 
topics including the theory of lunar origin, the lunar atmosphere, and the physical 
characteristics of the body such as its topography, geology, cartography, and stratigraphy. 
Techniques of lunar observation, measurement, and analysis, e.g., photography, 
photometry, and spectrophotometry, are amply covered, and pertinent references to the 
instrumentation and equipment used in lunar investigation have also been included. 
Each entry in the bibliography consists of a citation and an abstract. The listing 
of entries is arranged in two major groups. Report literature references are contained in the 
first group and are subdivided according to their date of announcement in STAR. The 
second group includes published literature references, subdivided according to their date 
of announcement in ZAA. All reports and articles cited were introduced into the NASA 
information system during the period February, 1965-January, 1966. 
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AVAI LAB1 LITY OF DOCUMENTS 
STAR Entries (N65, N66) 
NASA documents listed are available without charge to: 
1.  NASA Offices, Centers, contractors, subcontractors, grantees, and consultants. 
2. Other U.S. Government agencies and their contractors. 
3. Libraries in the United States that maintain collections of NASA documents for 
public reference. 
4. Other organizations in the United States having a need for NASA documents in 
work related to  the aerospace program. 
5.  Foreign government or academic (university)organizations that have established 
reciprocal arrangements for the exchange of publications with NASA, that have 
current agreements for scientific and technical cooperative activities with NASA, 
or that have agreements with NASA to maintain collections of NASA docu- 
ments for public use. 
Non-NASA documents listed are provided by NASA without charge only to NASA 
Offices, Centers, contractors, subcontractors, grantees, and consultants. 
Organizations and indiv'iduals not falling into one of these categories may purchase 
the documents listed from either of two sales agencies, as specifically identified in the ab- 
stract section: 
Clearinghouse for Federal Scientific 
and Technical Information (CFSTI), 
Springfield, Virginia 221 5 1 
Superintendent of Documents (GPO) 
U.S. Government Printing Office 
Washington, D.C. 20402 
Information of the availability of this publication and other reports covering 
NASA scientific and technical information may be obtained by writing to: 
Scientific and Technical Information Division 
National Aeronautics and Space Administration 
Code USS-AD 
Washington, D.C. 20546 
Collections of N A S A  documents are currently on fi le in the organizations listed on the 
inside ofthe back cover. 
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IAA Series (A65, AM) 
All articles listed are available from Technical Information Service, American Institute 
of Aeronautics, and Astronautics, Inc. Individual and Corporate AIAA Members in the 
United States and Canada may borrow publications without charge. Interlibrary loan 
privileges are extended to the libraries of government agencies and of academic non- 
profit institutions in the United States and Canada. Loan requests may be made by mail, 
telephone, telegram, or in person. Additional information about lending, photocopying, and 
reference service will be furnished on request. Address all inquiries to: 
Technical In format ion Service 
American Institute of Aeronautics and Astronautics, Inc. 
750 Third Avenue, New York, New York 10017 
For further details please consult the Introductions to STA R and 1A A ,  respectively. 
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metric method for deriving lunar surface elevation information 
from pictures of the surface I n  the course of the derivation cer- 
tain shortcomings inherent in the method are pointed out The 
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1965 
STAR ENTRIES 
N65-13784'# Interior Dept.. Washington. D.C. United States 
Geological Survey 
ASTROGEOLOGIC STUDIES, SUMMARY Annual Progress 
Report. Aug. 25,1962-Jul.1,1963 
Jun. 1964 5 2  p 
(NASA Order R-66) 
(NASA-CR-59125) OTS: HC $3.00/MF $0.50 
Summaries of studies on lunar and planetary investiga- 
tions. crater and snlid state invertigatinns cnsmnchnmistry 
and petrography. and studies for the space flight program are 
presented. The studies are reported fully in other volumes of 
the annual report. R.L.K. 
N65-13802# Naval Research Lab., Washington. D.C. Atmos- 
phere and Astrophysics Div. 
THE MEAN DISTANCE TO THE MOON AS DETERMINED 
BY RADAR Interim Research Report 
B. S. Yaplee. S. H. Knowles. A. Shapiro, K. J. Craig, and D. 
Brouwer. (Yale U. Obs.) 16 Sep. 1964 13  p refs 
(NRL-6134: AD-607354) OTS: $0.50 
The distance to  the moon was measured by radar with a 
basic resolution of +150 m. The measured distance from the ob- 
serving station t o  the nearest point of the moon was corrected 
for the earth's rotation and the motion of the moon. In addi- 
tion. the libration of the moon changes the nearest point of 
reflection wi th time. As observations were made over many 
months. several returns from the same lunar area were 
obtained. The monthly variations in dlstance due to  lunar to- 
pography were used t o  derive an equivalent radar topographi- 
cal map around the central region of the moon. This map 
provided the necessary corrections to  account for lunar topo- 
graphical variations. Al l  the measured distances after applying 
the above corrections were used in a least square solution wi th 
the best known constants. The solution yielded a value of 
3B4400km &1.2kmforthe meandistancetothemoon. Author 
N65-13842# Grumman Aircraft Engineermg Corp.. Bethpage. 
N.Y. Research Dept. 
SOIL BEHAVIOR IN A LOW AND ULTRAHIGH VACUUM 
J. D. Halajian Dec. 1964 48 p refs Resented at the Ann. 
Meeting of the Am. Soc. of Mech. Engr.. Lunar Base  Session. 
N .Y .. Oec. 1964 
(RE-197J) 
The behavior of simulated lunar soils is investigated by 
utilizing recent advances in vacuum technology and known 
principles of soil mechanics and surface chemistry. The effect 
of the gaseous and adsorbed phases on the behavior of the solid 
particles is evaluated in separate experiments. It is found that 
the absence of either phase has a hardening effect on soils. This 
i s  demonstrated by  increased bearing strength of "fluff' at 
lop3 torr. and extensive sticking of tumbling dust particles at 
lO-"torr. The latter phenomenon is attributed to  the depletion 
of adsorbed films. The experimental evidence favors a clean- 
surface rather than an electrostatic mechanism of adhesion but 
is not.conclusive. Improved experimental techniques are sug- 
gested to overcome a number of difficulties that have hampered 
the quantitative measurement of soil adhesion and friction in 
vacuo. Author 
N65-13894 Joint Publications Research Service, Washing- 
ton. D.C. 
EFFECTIVE TEMPERATURE OF THE LUNAR SURFACE 
DUE TO REFLECTION OF COSMIC RADIOEMISSION FROM 
IT 
A. M. Starodubtsev In its Izv. VUZov: Radtophys.. Vol. VII. 
No. 3.1964 25  Nov. 1964 p 6-15 refs (See N65-13892 04- 
07)  OTS: $6.00 
The effective temperature of the lunar surface is calculated 
by using the reflection of cosmic radio emission at frequencies 
of 100. 200, and 400 Mc. As a lunar model, a sphere wi th an 
ideally smooth surface of material was examined whose dielec- 
tric constant was between 1.5 and 4. From calculations. it f d -  
lows that w i th  an increase in the angle-of-ascension of the moon. 
the average brightness temperature varies slightly. and onh/ in 
the region of  the angles a = 280" does some temperature in- 
crease occur: the degree of polarization of the radiation re- 
flected from the lunar surface is almost independent of the fre- 
quency. and for Z = 1.5 does not exceed 12% and averages out 
t o  about 2% t o  5%. Author 
N65-14197# National Bureau of Standards, Washington, D.C. 
A STUDY OF LUNAR SURFACE RADIO COMMUNICA- 
TION 
L. E. Vogler 14  Sep. 1964 126 p refs 
(NES-Monograph-851 GPO: S0.70 
The problem of point-to-point radio communication on the 
moon is discussed. and equations and curves are presented to  
estimate power requirements in lunar communication systems. 
Assuming a smooth surface. consideration is given to  ground 
wave attenuation over both layered and nonlayered grounds. 
antenna ground losses in situations where ground screens 
are impractical. noise level estimates in the receiving system. 
and the effects on propagation of  possible lunar ionospheres. 
A n  example of the calculation of required power for a partic- 
ular communication system is given. Author 
1 
N65-15114 
N65-15114# Army Missile Command, Huntsville. Ala. Red- 
stone Scientific Information Center 
THE SPECTRAL-POLARIZATION CHARACTERISTICS 
OF THE LUNAR SURFACE 
V. G. Tejfel 2 3  Oct. 1964 5 p refs Transl. into ENGLISH 
from Astron. Tsirkuliar Akad. Nauk SSSR (Kazan). no. 205. 
1959 p 7-8 
( R SI C -3 1 2: A D  -609 1 59) 
A spectrographic survey of the lunar surface near the 
quadratures was performed with the Polaroid angled at 0". 
60", and 120". The monochromatic values of the polarization 
degree were calculated by Fesenkov's formula. The degree of 
the polarization in the spectra of the lunar details changed 
with the monochromatic magnitude of their albedos. Polariza- 
tion measurements of the lunar earthlight showed a decrease 
by 5% to  7% of  the wavelength in the interval 400mp to  620mp. 
G.G. 
N65-15120# Army Missile Command, Huntsville. Ala. Red- 
stone Scientific Information Center 
PETROGRAPHIC INVESTIGATION OF THE LUNAR SUR- 
FACE BY JOINT USE OF PHOTOMETRIC AND COLORI- 
METRIC OBSERVATIONS 
V. V. Sharonov Dec. 1964 19 p refs Transl. into ENGLISH 
from Astron. Zh. (Moscow). v. 31. no. 5. 1954 p 442-452 
A statistical comparison between the lunar surface and 
the earth's rocks and materials wi th  respect to color and lumi- 
nosity was made. It was established that a simultaneous simi- 
larity for the distribution curves according to brightness and 
color between the moon on the one hand and the earth's rocks 
and meteorites on the other was not obtained The various 
assumptions introduced in order to  explain the color charac- 
teristics of the lunar surface are discussed The most reliable 
isthe hypothesis according to  which the lunar sucface is covered 
by a porous vesicular slag formed from bedrock under the 
action of explosions accompanying the meteorite impacts. 
Author 
(RSIC-344: A D-609693) 
N65-15284# Texas Instruments. Inc.. Dallas. 
TECHNIQUES FOR LUNAR WATER EXPLORATION Final 
Report 
J.  K. Westhusing and C. Crowe 3 0  Sep 1964 529 p refs 
(Contract AF 19(628)-3287) 
(AFCR L-64-814; AD-608957) 
Evaluation of technique applicability requires the formu- 
lation of models of the lunar subsurface and specification 
of lunar rock types and their possible mineralogic. chemical, 
and physical properties Eight subsurface models and nine 
rock types are postulated Lunar rock properties are estimated 
by evaluation of  terrestrial rock measurements and possible 
modifications produced by lunar genesis and environment. 
Optimum Combinations of surface and orbital methods are 
selected by comparing calculated or estimated survey responses 
across the models. Practical difficulties such as weight, power 
and volume restrictions. implanting of electrodes. and drilling 
are also considered. In practice, data obtained by combinations 
of methods should be interpreted simultaneously to  assure 
definition of a geologic or structural explanation applicable 
to all data The methods recommended for orbital reconnais- 
sance and surveying are phototelevision. infrared, radar al- 
timetry and magnetic. Those recommended for surface ex- 
ploration are gamma ray. television. infrared, gravity. magnetic, 
and electromagnetic. Comprehensive data concerning al l  
equipment types considered are presented. Author 
William M Sinton 3 0  Sep 1964 2 0 p  refs 
(Contract AF 19(604)-5874) 
(A FC R L-64-926. A D-609547) 
Observational studies of  the planets and the moon through 
the use of photography. photoelectric photometry. infrared 
radiometry and infrared spectroscopy were made The result- 
ing data include the measurements of the thickness of dust on 
the floors of 16 lunar craters, the infrared radiometric tempera- 
tures of Mercury. Venus. Mars, Jupiter, Satbrn. and Uranus. 
and extensive photoelectric photometry of Mars Some of the 
important conclusions that have been previously published 
are included Author 
N65-15407'# Jet Propulsion Lab., Calif. Inst. of Tech.. Pasa- 
dena. 
AN X-RAY SPECTROGRAPH FOR LUNAR SURFACE 
ANALYSIS 
Albert E. Metzger 16  Oct. 1964 3 4 p  refs 
(Contract NAS7-100) 
(NASA-C R-60340; J PL-TR-32-669) OTS: $2.00/ M F $0.50 
The performance of  a proposed X-ray spectrograph for the 
in situ analysis of powdered samples of lunar material is de- 
scribed. The instrument employs electron beam excitation. 
w i th  dispersive crystal resolution in a fixed-channel geometry. 
A nondispersive capability by means of pulse height analysis 
is also included. Stable X-ray emission has been achieved by 
lowering the electrical resistivity of the sample. Thermal meas- 
urements show that heating of the sample by the electron 
beam is not excessive. Variations in particle size and shape 
have been found to affect the response, but these become 
serious only in extreme cases. The processes of interelemental 
X-ray absorption and enhancement are discussed and are 
illustrated by curves of response as a function of composition. 
Experimental results using both synthetic and natural rock 
materials are presented for the dispersive and nondispersive 
modes. Author 
N65-16264'# Geological Survey, Washington. D C 
ASTROGEOLOGIC STUDIES: SUMMARY Annual Progress 
Report, Ju1.1.1963-Ju1.1.1964 
Nov 1964 3 5  p refs Wi th map supplement 
(NASA Order R-66) 
(NASA-CR-60509) OTS HC $ 2  001 M F  $0 50 
Reported are the summaries of three separate works 
on (1) lunar and planetary investigations. (2) crater and 
solid-state investiga!iors. and (3) cosmic chemistry and 
petrology A map supplement is included R E S  
N65-16265*# Geological Survey. Washington. D.C. 
ASTROGEOLOGIC STUDIES. PART A :  LUNAR AND PLAN- 
ETARY INVESTIGATIONS Annual Progress Report, Jul. 1, 
1963Ju l .  1 .1964 
Nov. 1964 144 p refs 
(NASA ORDER R-66) 
(NASA-CR-60510) OTS. HC $4.00/MF $1.00 
These lunar and planetary investigations contain the pre- 
liminary results of detailed geologic mapping on a 1: 1 000 OOO 
scale of 5 new quadrangles in the equatorial belt of the moon. 
Several major stratigraphic units in the lmbrian and pre-lmbrian 
systems are described. Four papers discuss problems of ori- 
gin and evolution of various types of craters and features as- 
sociated w i th  the craters such as rilles and rays. As  a part 
of the lunar geologic investigations, detailed studies of the 
infrared emission and reflected visible radiation from the moon 
are in progress; a description of a systematic program of 
photoelectric and photographic photometry and the relation 
of the visible lunar photometric function to  the infrared emis- 
sion are given. Author 
N66-15288# Lowell Observatory. Flagstaff. Ariz. 
PHYSICAL RESEARCHES ON THE BRIGHTER PLANETS 
Final Report 
2 
N65- 1 8937 
N6646266*# Geological Survey. Washington. D.C. 
ASTROGEOLOGIC STUDIES. PART 8: CRATER INVESTI- 
GATIONS Annual Progress Report. Jul. 1, 19634111. 1. 1964 
Nov. 1964 1 9 4 p  refs 
(NASA-CR-60515) OTS: HC $5.OO/MF $1.25 
Crater investigations contain the results of field and labora- 
tory studies of shock and crater phenomenology. The effect 
of shock on rock materials forms the subject of four reports: 
(1) the shock wave synthesis of stishovite. (2) the physical 
properties of shock-formed plagioclase from a meteorite. (3) 
some characteristics of natural glasses and high pressure 
phases that serve as evidence for their origin by meteorite 
impact. and (4) the effect of shock on the radiogenic argon 
content of granite. One report concerns the shock equation 
of state on t w o  rocks from Meteor Crater, Arizona. Two reports 
deal wi th experimental craters: one is concerned with a field 
study of craters formed by missile impact, and the other. wi th 
a study of craters formed in porous-cohesive targets by hyper- 
velocity projectiles. Work on three naturally formed craters is 
reported. This includes a new topographic map of Meteor 
Crater. Arizona. made to serve as a base for the geologic 
work: a geologic study of a meteorite crater and associated 
rays of ejecta at Henbury. Australia: and field and laboratory 
studies of the Flynn Creek structure, Tennessee. Author 
N65-16267*# Geological Survey, Washington. D C 
ASTROGEOLOGIC STUDIES. PART C: COSMIC CHEMISTRY 
AND PETROLOGY Fifth Annual Progress Report, Jul. 1. 1963 
t o  Jul. 1- 1964 
Nov 1964 123 p refs 
(NASA Order R-66) 
(NASA-CR-605161 OTS HC $4OO/MF $1 00 
Cosmic chemistry and Detroloav include reDorts on aero- 
dynamic features, geologic occurrences, chemical composition 
and metallic spherules of tektites. methods of chemical anal- 
ysis of tektites and other extraterrestrial material. and the Iu- 
minescence of achondritic meteorites Author 
N65-17222*# Radio Corp. of America. Princeton, N.  J. Astro- 
Electronics Div. 
LUNAR ORBITER CAPSULE STUDY Final Report 
3 Aug. 1962 333 p refs Revised ed. Prepared for JPL 
(Contracts NAS7-100: JPL-950340) 
(NASA-CR-60748: AED-1542) OTS: HC E7.OOIMF $1.75 
This design analysis of a lunar orbiter. t o  accomplish the 
tracking and television experiments within the allowed payload 
for a Ranger spacecraft. considers the two major tasks of the 
television mission and the selenodetic mission, and the sepa- 
rate sets of restraints which they impose on the orbit. It was 
concluded that this design i s  feasible and that the required 
development time is dependent on the design of the attitude 
control subsystems. and the retropropulsion subsystems. G.G. 
N65-17489# 
ton. D. C. 
LIGHT REFLECTION FROM THE LUNAR SURFACE 
L. A. Akimov 25  Feb. 1965 8 p Transl. into ENGLISH from 
Tsirkulyar Astron. Obs. (Kharkov). no. 26, 1963 p 43-46 
In the investigation of the photometric characteristics Of 
the lunar surface, it was found that the law of l ight reflection 
t o  that conclusion are summarized. The prediction of discretiza- 
t ion comes from the eigenvaluesof the partial differential equa- 
tion that determines the function $, a oir&-valued bounded 
solution of the inhomogeneous Klein-Gordon equat-km. and 
Joint Publications Research Service. Washing- 
(JPRS-28888: TT-65-30387) OTS: $1 .OO 
from the conjecture that the jump in energy density is the same 
for all galaxies m a given subclass. This paper is devoted to the 
mathematical and physical properties of the eigenfunctions 
themselves. The physical predictions resufting hoar the &sen- 
functions relate to the gmmetric morphology of galaxies, and 
hence are more closely associated w i th  observed properties. 
D.S.G. 
N65-17490# 
ton. D. C. 
STRUCTURE OF THE CUNAR SURFACE 
N. P. Barabashov 25  b b .  1965 9 p refs Transl. into ENG- 
LISH from Tsirkulyar Astron. Obs. (Kharkov) no. 26. 1963 
(JPRS-28889: TT-65-30388) OTS: $1 .OO 
Measurements of lunar brightness and of light reflected 
from various laboratory samples are compared in tables. It is 
concluded that the lunar surface cannot be covered by very fine 
unconsolidated material or dust. that the law of reflection from 
the lunar surface differs considerably from the law for the 
volcanic ash investigated, and that the lunar surface also does 
not resemble volcanic slag. It is asserted that the surface is 
covered either by an extraordinarily spongy layer wi th very thin 
but opaque walls separating the individual pores. or by pointed 
and closely spaced opaque fragments consisting of greatly 
fractured tuff-like volcanic rocks that do not have mirror prop- 
erties. D.E.W. 
Joint Publications Research Service. Washing- 
p 14-19 
N65-18374 Arnold Engineering Development Center. Arnold 
Air  Force Station. Tenn. 
SUITABLE LUNAR LANDING SYSTEM CONSIDERING 
THE BEARING CAPACITY AND FAILURE MODE OF 
LUNAR SURFACE MATERIALS 
John D. Peters In AFSC 11th Ann. AF Sci. and Eng. SvmD. 
119641 3 4  p refs (See N65-18373 08-34) 
Hesearch done indicates that the surface of the moon 
consists of a very low density, porous material probably com- 
parable to  dust. The surface may have a thin sintered crust 
caused by surface sputtering initiated by solar winds and elec- 
tromagnetic bombardment. This paper discusses the results 
of the research and proposes a lunar surface model that agrees 
w i th  the known data and examines the behayior of this surface 
material under loads imposed by a lunar landing vehicle. 
Failure criteria are defined and the mechanisms of failure 
examined. This paper suggests methods of designing landing 
gear and locomotion systems for vehicles employed in lunar 
landings and surface exploration. capable of negotiating very 
rough terrain and operating equally well on both soft and 
hard surfaces. Author 
N65-18460* # National Aeronautics and Space Administration. 
Langley Research Center, Langley Station, Va. 
THE LUNAR ORBITER 
1. Taback and E. A. Brummer 119651 21 p ref Presented at 
the AIAA Unmanned Spacecraft Meeting. Los Angeles, 1-3 
Mar. 1965 
(NASA-TM-X-56116) OTS: HC $l.OO/MF $0.50 
The Lunar Orbiter spacecraft. designed around a photo- 
graphic payload to  provide Apollo landing information. wil l be 
launched in 1966, using an Atlas Agena launch vehicle. De- 
scribed here is the mission plan, photographic coverage, and 
R.L.K. the spacecraft configuration and systems. 
N65-18937*# Arizona Univ.. Tucson. Lunar and Planetary 
Lab. 
COMMUNICATIONS OF THE LUNAR PLANETARY LAB- 
ORATORY, VOLUME 3. NO. 40: THE SYSTEM OF LUNAR 
CRATERS, QUADRANT II 
3 
N65-18944 
D. W. G. Arthur, Alice P. Agnieray. Ruth A. Horvath. C. A. 
Wood, and C.  R. Chapman 
(Grant NsG-161) 
(NASA-CR-57208) CFSTI: HC $3.00/MF $0.75 
The designation. diameter. position. central-peak infor- 
mation. and state of completeness are listed for each discern- 
ible crater in the second lunar quadrant wi th a diameter ex- 
ceeding 3.5 km. The catalog contains more than 2000 items 
and is illustrated by a map in 11 sections. Author 
N66-18944*# Stanford Univ.. Calif. Radioscience Lab. 
RESEARCH AT THE STANFORD CENTER FOR RADAR 
ASTRONOMY Semiannual Report, No. 4, 1 Jul.-31 Dec. 
1964 
V. R. Eshleman Jan. 1965 11 p refs 
(Grant NsG-377) 
(NASA-CR-57184) CFSTI: HC $1.00/MF $0.50 
Research covered includes theoretical and experimental 
radio and radar studies. of lunar and planetary ionospheres, 
atmospheres. and surfaces. and radar studies of the sun and 
interplanetary medium. Specific projects cover a radar-occulta- 
tion method for the study of planetary atmospheres, possible 
models for the atmosphere of Mars. magnetohydrodynamic 
waves in interplanetary space. a solar radar program. studies 
of cislunar gas. and data processing. D.E.W. 
N66-19313# Lincoln Lab.. Mass. Inst. of Tech., Lexington. 
DRAFT PROGRAM DESCRIPTION FOR RADAR AND RA- 
DIOMETRIC LUNAR SURFACE STUDIES 
P. B. Sebring. ed. 20 Nov. 1964 53 p refs Its Group Rsport 
1964-65 
(AD -609384) 
A radar and radiometry study of the surface of the moon 
has revealed basic data on the lunar surface. Radar mapping 
showed that major craters are strong scatterers. which implies 
the presence of solid rock. Data on backscatter gain allow cal- 
culation of the reflection coefficient. from which an approximate 
dielectric constant of 2.8 was derived. This constant, along 
with thermal data obtained by radiometry. suggests a surface 
bulk density of about 50%. The nature of future microwave 
radar, optical radar. and radiometry studies of the moon was 
determined from these earlier results: the proposed studies 
are described. J.M.D. 
N65-19656# 
Louis, Mo. 
CARTOGRAPHIC REDUCTION OF RANGER VI1 MISSION 
Dec. 1964 16 p 
Aeronautical Chart and Information Center. St. 
(AC IC-TP- 16; A D-609262) 
A series of five charts was prepared from the photographic 
data produced by the Ranger VI1 mission. These charts are 
described. Characteristics of the data are given. including 
cameras. calibration. scanning sequence. telemetry. and the 
orbit and trajectory of the Ranger vehicle. Processes of data 
reduction included the preparation of a photographic mosaic 
and relief drawings, the measurement of shadows. and the 
computation of relative heights. Techniques of preparing and 
using stereoscopic views of the lunar surface are described. 
D.E.W. 
Robert C Taylor 10  Feb 1965 4 p refs 
(Grant NsG-213-61) 
(NASA-CR-57313) CFSTI HC $1 OO/MF $0 50 
fh ts  report summarizes the work carried out on studies of 
the relations between the radar-scattering propertles of moon- 
like surfaces and their surface features Three areas of study 
were pursued to  provide fundamental data concerning the de- 
termination of the physical characterlstics of a surface with 
emphasis on the lunar-type surfaces from the electromag- 
netical scattering characteristics These areas of study are (1) 
theoretical studies of the two-frequency radar experiment and 
other experim8nts that mrght prove of value. (2) measurement 
of the compkte scattering properties of moonlike surfaces on 
ahe model range. and (3) measurement of the scattering prop 
erties of the moon Author 
N66-19776*# ,IIT Research Inst.. Chicago. Ill. 
Center 
STUDIES OF LUNAR SOIL MECHANICS, 
E. Vey and J .  D. Nelson Feb. 1965 142 p refs 
(Contract NASr-65(02)) 
Technology 
Final Report, Jun. 
16, 1963-Dee. 16.1964 
(NASA-CR-57281) CFSTI: HC $4.00/MF $1.00 
This program investigated properties of simulated lunar 
soils in lunar environment. Experiments were performed on 
samples of quartz and olivine powders and fine and coarse 
grained quartz sand having various grain size distributions. 
Vacuum levels ranged from atmospheric pressure to the low 
lo-" torr range with temperatures from approximately 250" to 
0" F. The vacuum in the pores of a soil sample could be t w o  to 
three orders of magnitude less than the chamber vacuum. 
However, the dominant factor affecting the soil properties was 
the amount of adsorbed gas removed from the soil grains. Re- 
moval of adsorbed gas caused development of attractive inter- 
particle forces which caused an increase primarily in the ap- 
parent cohesion at room temperature wi th further removal of 
gas under elevated temperatures causing an increase primarily 
in the angle of internal friction. Low temperatures also caused 
an increase in apparent cohesion under vacuum. In  the olivine 
powder. the vacuum caused an increase in apparent cohesion 
at elevated temperatures. I n  sand, ultrahigh vacuum and 
elevated temperatures increased the angle of internal friction. 
Author 
N66-19900'# National Aeronautics and Space Administration. 
Washington. D. C. 
LUNAR SURFACE STUDIES A Continuing Bibliography, 
Apr. 19644an.  1965 
Mar. 1965 61 p refs 
(NASA-SP-7003(01)) CFSTI: HC $1.00/MF $0.75 
Contained in this bibliography are references to a variety 
of specific topics including the theory of lunar origin. the lunar 
atmosphere, and the physical characteristics of the body such 
as i ts topography. geology. cartography. and stratigraphy. Tech- 
niques of lunar observation, measurement. and analysis. e.g . 
photography. photometry. and spectrophotometry. are amply 
covered, and pertinent references to the instrumentation and 
equipment used in lunar investigation have also been included. 
R.W.H. 
N65-20315 Grumman Aircraft Engineering Corp , Bethpage, 
N86117W# Ohio State Un iv .  Columbus Antenna Lab N Y  
I S N D I E S  OF THE RELATIONS BETWEEN THE RADAR DEVELOPMENT OF A N  OMNIDIRECTIONAL ACCELEROM- 
SCATTERING PROPERTIES OF "MOON-LIKE" SURFACES 
AND THEIR SURFACE FEATURES] Semiannual Summary L E Dunbar In  NRL Shock and Vibration Bull Feb 1965 
Report. 1 M a y 3 1  Oct. 1964 
ETER 
p 41-44 (See N65-20313 10-14) 
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A program to  develop to  prototype form an accelerom- 
eter sensitive only to  the magnitude of applied acceleration is 
discussed. The program's intent is t o  apply the device as a 
lunar soil penetrometer. The principle and design are directly 
applicable to shock-mount evaluation and other similar needs 
of the packaging industries in which the direction of the sensed 
acceleration is of no concern. The instrument achieves this 
through flexural elements and produces a high level dc output 
signal. In the breadboard model. on which tests wi l l  be per- 
formed. the instrument occupies a 3 x 3 X 3-inch volume. The 
production unit is expected to have one-fourth the bulk. The 
design goal is 2% overall accuracy, a 50-9 range, and a natural 
frequency of 100 cps. Author 
N65-20421*# Parametrics. Inc.. Waltham. Mass. 
LOW LEVEL RADIATION ALTIMETER SYSTEM STUDY 
L. L. Bird and C. A. Ziegler 15 Oct. 1963 81  p refs 
(Contract NAS9-1490) 
(NASA-CR-57637) CFSTI: HC $3.00/MF $0.75 
Several nuclear radiation techniques were studied as 
possible means for altitude measurement above the lunar 
surface. for the range of 0 t o  50  ft. Both direct (sources ejected 
and located on the surface during measurement) and indirect 
(source aboard the vehicle) systems were considered. Indirect 
charged particle systems were rejected because of attenuation 
effects in the rocket exhaust gas. while neutron systems were 
ejected because of the large amount of hardware required. A 
gamma backscatter system, using photons of moderate energy 
160 keV) was found to  be vew promisina since the source 
strength requirement (-12 curies) is practical and the weight 
of the source and detector could be small ( -5 Ibs.). Author 
N65-20442# 
Ohin Schnnl nf Fnginesrin2 
EXPLOITATION OF LUNAR WATER RESOURCES 
Michael Vincent Vasilik (M.S. Thesis) Aug. 1964 8 5  p refs 
Air Force Inst. of Tech., Wright-Patterson AFB, 
(GSF/MEC H-64-41: AD-610226) 
This report discusses the technical feasibility of exploiting 
natural lunar water resources. Brief consideration is given t o  
utility. possible abundances, and location of  hydrous deposits. 
The criteria for design of new equipment or adaptation of exist- 
ing equipment are specified. Based on these criteria. various 
proposed designs of extraction. electrolysis. and liquefaction 
equipment are evaluated. Particular emphasis is given to  the 
effects of reduced lunar gravity on operation and design. Ex- 
traction equipment under discussion includes separators. 
evaporators. condensers, compressors. and pumps. Rotating. 
vortex. membrane. vapor, and porous electrode electrolysis 
cells are considered. A rotating cell w i th  a palladium cathode 
appears to  be the most promising. For liquefaction of oxygen 
and hydrogen. engine expansion is found preferable t o  Joule- 
Thomson expansion. Author 
N65-20898# 
PING. PART ONE: METHODS 
Marvin 0. Marchant Aug. 1960 40 p refs 
Army Map Service, Washington. D .  C. 
HORIZONTAL AND VERTICAL CONTROL FOR LUNAR MAP- 
(TR-29; AD-262889) 
Methods for the determination of first- and second-order 
lunar control are presented i n  this repert. A t  the time Of 
publication the process of determining the first-order control 
was almost completed. Author 
N65-21020# Army Missile Command, Huntsville. Ala. Red- 
stone Scientific Information Center 
S PECT ROPH OTOM ETR I C 0 BSE RVATION S 0 F LUNAR 
CRATERS 
N. P. Earabashov and V. I .  Yezerskii Jan. 1965 10  p refs 
Transl. into ENGLISH from IN. Komis. po Fiz Planyet (USSR), 
no. 3.1961 p 50-55 
(RSIC-361; AD-612878) 
Data on differences in the spectral reflectance of separate 
sections of lunar craters were obtained to  study morphological 
peculiarities of different lunar regions and to determine any 
changing or active processes. The central hill. eastern and 
western ridges. and the bottom eastward and westward from 
the central hill were examined by precise orientation of the 
spectrograph. No significant anomalies in the reflectance of 
the separate sections of the craters were observed. After apply- 
ing an averaging procedure. a slight increase in the spectral 
reflections of the central hill as compared *c) the increase of 
wavelengths of the crater Alphonse was fol.nd. The central 
hill was somewhat redder (-OMO8) than the crater. The dif- 
ferences found between the craters and hills of Copernicus and 
Eratosthenes were within the l imits of errors. The curve for 
Theophilus is analogous to  that of Alphonse. whereas a reverse 
dependence is found for the crater Posidonius. M.P.G. 
N65-21130# 
Ohio. School of Engineering 
LUNAR EXCAVATION TECHNIQUES IN ROCK 
Joseph John O'Kobrick (M.S. Thesis) Aug. 1964 126 p refs 
Excavation techniques are studied to  determine suitable 
methods for excavating rocks, like basalt. on the moon under 
lunarenvironmental conditions. Desired features are low weight. 
versatility. reliability. and efficiency. Areas considered are 
drilling. blasting. and rock moving. A down-the-hole, rotary- 
percussive tool appears t o  be the most suitable drill. Other 
possibilities are shaped charge, rotary, percussive. and shot 
drills. Chemical high-energy and nuclear explosives are ex- 
amined for blasting effectiveness. Multiple hole placement 
of chemical explosives has considerable utility, while nuclear 
devices can excavate larger quantities of rock wi th less pay- 
load. Suitable rock-moving equipment includes cable-con- 
trolled dragline buckets, lightweight hoes, tractor-shovels, 
bulldozers or dozer-rippers, and conveyor belts. Author 
Air Force Inst. of Tech.. Wright-Patterson AFB. 
(G SF/M ECH -64-38; AD-61 0225) 
N65-21224 LibraryofCongress.Washington.D.C. Aerospace 
Technology Div. 
EPHEMERIDES FOR POSITION DETERYlNATlONS ON 
THE MOON'S SURFACE 
EdwardGelins In i ts Fowign Sci. Bull.. Vol. 1. No. 3. Mar. 1965 
p 30-34 refs (See N65-21218 11-34) CFSTI: HC 53.00/MF 
$0.50 
Ephemerides for lunar position determinations have been 
compiled, together wi th instructions on  their use. The new 
term "lunar sidereal time" was introduced. and the length of 
the lunar sidereal hour was determined and compared with 
terrestrial sidereal time. A special automatic theodolite was 
designed for use on the lunar surface for selenographic posi- 
Author tion determinations. 
N65-21388. # Bern U niv (Switzerland) 
SlBLE APPLICATIONS TO THE LUNAR SURFACE 
Peter Eberhardt Jun 1964 75  p Submrtted for Publication 
(Grant NsG-157) 
(NASA-CR-62101) CFSTI 
Rare gas measurements on meteorites are shown to be 
useful in determining the history of meteorttes and thew sur- 
roundings. and future applicatmns d these measurements t o  
lunar history studies are discussed From rme gas measure- 
ments on numerous meteor-. a n a b e s  were made of radio- 
active decay of long-lived isotepes. spallation-produced rare 
RARE GAS MEASUREMENTS IN METEORlTES AND POS- 
HC $3 OO/MF $0 75 
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gases. short-lived isotopes. fusion-produced isotopes. and 
trapped gases: these analyses are said to  be useful in determin- 
ing the time of the individual meteorite's formation. its thermal 
history. history of  cosmic radiation, .and the interval bet\areen 
nucleosynthetic processes and formation of meteorite parent 
bodies. I t  was concluded that most of the stone meteorites 
studied were formed 4.5 X lo9 years ago. Radioactive age 
determination o f  lunar surface features, and of the moon 
itself. are discussed. Three methods are described for meas- 
uring the history of the particle radiation field in the solar sys- 
tem. Erosion. formation of stable and radioactive spallation 
isotopes. and diffusion loss, are discussed wi th  respect t o  
lunar surface histories. J.M.D. 
N66-21460*# Je t  Propulsion Lab., Calif. Inst. of Tech.. Pasa- 
dena. 
THE DESIGN OF THE RANGER TELEVISION SYSTEM TO 
OBTAIN HIGH-RESOLUTION PHOTOGRAPHS OF THE 
LUNAR SURFACE 
Donald H. Kindt and Joseph R .  Staniszewski 1 Mar. 1965 29 p 
refs 
(Contract NAS7-100) 
(NASA-CR-62189; JPL-TR-32-717) CFSTI: HC $2.00/MF 
$0.50 
The design of  the television system incorporated into the 
Ranger spacecraft, which obtained the first high-resolution 
closeup photographs of the lunar surface on July 31. 1964. 
is described. The entire system design is presented, including 
both the ground recovery system and the flight system. The 
380-lb flight system includes six cameras. sequencers, com- 
mand-control circuitry. two transmitters, telemetry system. 
batteries. power supplies, and thermal control surfaces. Em- 
phasis is given t o  the design of the cameras, the sequencing 
and logic required for the various commands. and the trans- 
mitter configuration. Such characteristics as camera param- 
eters (sensitivity, line density, spectral response. resolution). 
the programing of  the camera readouts to utilize the available 
transmitter bandwidth, and the transmission of the outputs of 
the t w o  transmitters simultaneously over one high-gain antenna 
are presented. A brief description is given of  the mission 
flight sequence. along with some of the constraints and un- 
known factors that influenced the design of the television sys- 
tem. The design of the ground recovery system is presented. 
Author 
N66-21770*# Douglas Aircraft Co.. Santa Monica. Calif. 
Missile and Space Systems Div. 
U U M  ADHESION AS RELATED TO THE LUNAR SURFACE 
Third Quarterly Progress Report, 1 Jan.-31 Mar. 1966 
J. A. Ryan 26 Jun. 1964 48 p 
(Contract NAS7-307) 
EXPERIMENTAL INVESTIGATION OF ULTRA-HIGH VAC- 
(NASA-CR-62220) CFSTI. HC $2.00/MF $0.50 
Reliable data for ultrahigh vacuum frictional-adhesional 
behavior of silicates wi th  possible significance to the lunar 
surface are reported. These data indicate a definite load de- 
pendence for the adhesion as well as a mineral dependence, 
and give indications (for given faces in contact) of a crystallo- 
graphic orientation sensitivity. Adhesion forces in excess of 0 .4 
gm were detected. Adhesion vs. load data were obtained in 
vacuum, and at atmospheric pressure, on runs made wi th  
orthoclase [OOlI contacting orthoclase [OOlI. orthoclase [OOl] 
contacting hypersthene [ l  101. orthoclase I0011 vs. albite [OOl]. 
and orthoclase [OOlI vs. pure aluminum. Sample surfaces were 
studied. and roughness plots were made. The nature of  the 
homogeneous surface charging. mosaic charging. dispersion. 
and ionic-covalent actlng forces is discussed. Modlfications 
made t o  improve the ultrahigh vacuum system included an 
electron heating-bombardment system for the high temp&- 
ture bakeout system. a sample holder to  obtain parallelism 
after pumpdown. a device for rezeroing the balance while at 
vacuum. and a suspension system to overcome vibration prob- 
lems. L.S. 
N65-22162'# Jet  Propulsion Lab., Calif. lnst. of Tech., Pasa- 
dena. 
RANGER VII. PART II: EXPERIMENTERS ANALYSES 
AND INTERPRETATIONS 
Raymond L. Heacock, Gerard P. Kuiper, Eugene M. Shoemaker, 
Harold C. Urey. and Ewen A. Whitaker 10 Feb. 1965 156 p 
refs 
(Contract NAS7-100) 
[NASA-CR-62347; JPL-TA-32-700) CFSTI: HC $5.00/MF 
$1 .oo 
Analysis of photographs and records transmitted by Ranger 
VI1 o n  July 31. 1964. is presented along with a series of the 
photographs. Topics of  analysis are gross structure of lunar 
maria, colors and the mesostructure of the maria, structure 
of Mare Cognitum. structure of crater rays. classes of craters 
and depressions. structure of the mare floor. frequency of 
lunar craters, small-scale lineaments o n  the Ranger VI1 photo- 
graphs, the mare ridges. scientific significance o f  the Ranger 
VI1 mission, cratering as the dominant surface process. model 
o f  fine structure, erosion, secondary craters, rocks in craters. 
perfect and imperfect craters, wrinkles on the lunar surface. 
dimples, valleys. and cracks. The mission is summarized. wi th  
respect to the experimenter team. television description. impact 
area selection. and publication of data. J.M.D. 
N65-22461# Little (Arthur D.), Inc., Cambridge. Mass. 
STUDIES OF THE PHYSI>CAL CHARACTERISTICS OF 
PROBABLE LUNAR SURFACE MATERIALS, PART II Final 
Report 
Peter E.Glaser. ed. Nov. 1964 134 P refs 
(Contract AF 1916281-421) 
(AFC RL-64-970(1 I ); AD-61 3965) 
This report presents theoretical and experimental studies 
to determine the physical properties of probable lunar surface 
materials in a simulated lunar environment To accomplish 
these goals. the following tasks were performed: (1) installation 
of t w o  ultrahigh-vacuum systems. (2) preparation of and 
synthesis of materials to  simulate the rock compositions most 
likely 'to be present on the moon: (3) analysis and experi- 
mentation on the surface effects on adhesion; (4) analysis 
and experimentation on electrostatic effects: (5) studies of 
radiation damage; and (6) analysis and measurement of thermal 
properties in a high vacuum. Author 
N66-22668# Library of  Congress, Washington, D.  C. Aero- 
space Technology Div. 
SURFACE CHARACTERISTICS OF THE MOON, MARS, A N D  
VEN US. A N  NOTATED B I BLl 00 R APHY 
1 Mar. 1965 81 p ref 
(ATD-P-65-12; AD-458260) CFSTI: HC $3.00/MF $0.75 
A n  annotated bibliography of the surface characteristics 
of Mars. Venus. and the Moon is presented w i th  emphasis on 
light polarization and albedo measurement techniques as well  
as radio-astronomical studies. Information on tektites is also 
presented. The report covers 125 research studies from the 
years 1960 t o  mid-1963. More recent findings from about 
mid-1963 through mid-1964 are included in appendixes A 
to  c. G.G. 
N65-22972'# Northrop Space Labs.. Huntsville, Ala. 
A P O L L O  L O G I S T I C S  S U P P O R T  S Y S T E M S  M O L A B  
STUDIES. GROUND WAVE PROPAGATION O N  THE 
LUNAR SURFACE FOR A LUNAR MOBILE LABORATORY 
6 
N65-24186 
J. D. Hughlett. Jr. Jun. 1964 4 4 p  refs 
(Contract NAS8-11096) 
(NASA-CR-61045) CFSTI: HC $2.00/MF $0.50 
The results of a ground wave propagation study for an 
over-the-lunar-horizon communication system are presented. 
It was found that a frequency in the medium range Vertically 
polarized offered the best application to  over-the-horizon type 
lunar surface communication system. This polarization was 
chosen because the moon could have a short-circuiting effect 
on the electrical intensity of the horizontal polarized wave 
which would offer resistance t o  this component of the vertical 
wave. The characteristics of the moon as a conductor can be 
described in terms of conductivity and dielectric constants. 
Although no experimental data are available on lunar soil 
characteristics, the values of conductivity and dielectric con- 
stants selected were to  mhos/meter. and 2.0. 
respectively. The rf power requirements, antenna efficiency. 
optimum frequency. and system weight are reported. E.E.B. 
N65-23291'# Ling-Temco-Vought. Inc.. Dallas. Tex. Military 
Electronics Div. 
LUNAR CONTOUR MAPPING SYSTEM (LUCOM) Final Re- 
port. 5 Aug. 1964-1 8 Mar. 1965 
G. M .  Goldberg. W.C. Hallmark, and R .  H. Myers 31  Mar. 1965 
3 5 4 p  refs 
(Contract NAS9-3269) 
(NASA-CR-65001; Rept.-4-31200/5R-30) CFSTI: HC $7.00/ 
M F  $1.75 
Results of this Phase I LUCOM investigation indicate that 
(1) a practicable radar sensor can be designed for operation 
at 80 nautical miles above the lunar surface; (2) the data could 
be converted into digital form and transmitted back to earth 
for processing; (3) methods and techniques can be conceived 
for recreating the profiles and using them to  map local fea- 
tures; (4) altimetry readings can be used, in combination w i th  
associated Apollo data, t o  recompute a more accurate lunar 
figure; and (5 )  the total system can be designed within the 
physical l imits imposed by the Apollo environment. Author 
N65-23326'# Stone (Ralph) and Co., Inc., Los Angeles. Calif. 
INVESTIGATIONS OF LUNAR SAMPLING AND SAMPLE 
RETURN METHODS 
E. T. Conrad e t  al 119651 66 p refs 
(Contract NAS9-3549) 
(NASA-CR-65000) CFSTI: HC $3.00/MF $0.75 
Return of samples of lunar material acquired by Apollo 
astronauts implies many unique objectives. Minimum con- 
tamination from the packaging system and from outside in- 
fluences are primary requirements. Configurations studied 
were generally l imited to  8 X 11-1/2 X 19 in. drawer-like outer 
containers and flexible inner bags of  various polyester f i lm 
and aluminum foil laminates. Results indicated the feasibility 
of a packaging approach involving partial compartmentation 
of the sample box and ingress of large and small sample bags 
through a port in the top. Redundant metallic seals generally 
met the vacuum requirements, but placed an added burden 
on the latching mechanism t o  apply a sufficiently high unit 
force t o  effect a positive closure. Limited time available to  
the astronaut for sampling and restricted container volume 
place significant constraints on the maximum number of 
individually packaged samples. To improve payload efficiency 
and return maximum weight it was found that wi th the bag 
configurations tested. samples smaller than 2 in. should be 
packaged in groups of three or more. Author 
N65-23807' National Aeronautics and Space Administration. 
Washington. D. C. 
REVIEW OF CONTEMPORARY DATA CONCERNING THE 
MOON 
8 Yu Levin and Ye L Ruskol In  fts Probl of Cosmogony. 
Vol Vl l l  May 1965 p 127-169 refs (See N65-23800'13- 
30) CFSTl HC $6OO/MF $1 50 
Contemporary data concerning the motion of the moon, 
its atmosphere. photometric characteristics. surface tempera- 
ture. nature of the surface layer. relief. origin of the moon. 
its thermal history and internal structure are reviewed Author 
N6524184'# Arizona Univ , Tucson Lunar and Planetary 
Lab 
COMMUNICATIONS OF THE LUNAR A N D  PLANETARY 
lA8ORATORY. VOLUME 2, NO. 36-39 
Gerard P Kuiper 1964 7 3  p refs 
(Grant NsG-161-61) 
(NASA-CR-62820) CFSTI HC $3 OO/MF $0 75 
CONTENTS 
1 RADIAL STRUCTURES SURROUNDING LUNAR 
BASINS I I  ORIENTALE AND OTHER SYSTEMS CON- 
CLUSIONS W K Hartmann p 175-191 refs (See N65- 
2 COMPARISON OF THE INFRARED SPECTRUM OF 
MARS WITH THE SPECTRA OF SELECTED TERRESTRIAL 
ROCKSAND MINERALS Alan 8 Binder and Dale P Cruik- 
shank p 193-196 refs 
ETERS William K Hartmann p 197-203 refs 
4 ANALYSIS OF LUNAR LINEAMENTS I TECTONIC 
MAPS OF THE MOON R G Strom p 205-216 refs (See 
241 85 13-30) 
3 ON THE DISTRIBUTION OF LUNAR CRATER DIAM-  
N65-24186 13-30) 
N65-24185' Arizona Univ.. Tucson. Lunar and Planetary Lab. 
RADIAL STRUCTURES SURRVUNVlNti LUNAR BASINS. 
I I :  ORIENTALE AND OTHER SYSTEMS; CONCLUSIONS 
William K .  Hartmann In  its Communications of the Lunar 
and Planetary Lab. 1964 p 175-191 refs (See N65-24184 
13-30) CFSTI: HC $3.00/MF $0.75 
A new analysis of mare basins begun by Hartmann (1963) 
is concluded. The radial systems of the oldest basins are the 
least developed. while those of the young basins-Mare Im- 
brium and Mare Orientale-are the most prominent. It is there- 
fore hypothesized that conditions for producing radial lineaments 
were optimum during the relatively short period when the mare 
basins were flooded. Many lineaments are spatially associated 
with this flooding. The basins are probably the sites of great 
impacts which were accompanied by radiating fractures. Most 
lineaments are interpreted as the expressions of tectonic ad- 
justments in the stressed crust along these fractures as a re- 
sult of heating-of the subsurface. Most of the adjustment 
appears t o  be by vertical motion. There is little evidence for 
horizontal motion or for gouging of radial valleys by flying 
fragments. Reviews of the nonradial grid patterns and of the 
small radial systems around some recent craters are included. 
Author 
N65-24186' Arizona Univ Tucson Lunar and Planetary Lab 
ANALYSIS OF LUNAR LINEAMENTS. I :  TECTONIC MAPS 
OF THE MOON 
Robert G Strom In I ts  Communications of the Lunar and 
Planetary Lab 1964 p 205-216 refs (See N65-24184 13- 
30) CFSTI HC $3OO/MF $ 0 7 5  
Lineaments within 60" of the moon's center of face have 
been mapped in detail Four global lineament systems and 
radial systems associated with four circular maria are delin- 
eated The majority of polygonal crater rims. linear portions 
of central peaks, crater chains. and certain linear mare ridges 
are related to the lineament systems Spatial relationships of 
7 
. 
N65-24469 
the lineament systems and other data indicate that the global 
systems resulted from compressive stresses in the moon's 
crust which were oriented in a north-south direction Possible 
causes of these stresses are (1) the gradual subsidence of the 
tidal bulge (2) expansion and contraction of the moon (3) 
lunar body tides (4) convection currents within the moon as 
postulated by Runcorn and (5) a shift of the moon's axis of 
rotation Author 
N66-24469# 
HORIZONTAL AND VERTICAL CONTROL FOR LUNAR 
MAPPING. PART TWO: AMS SELENODETIC CONTROL 
SYSTEM 1964 
Sam Breece. Marian Hardy. and Marvin Q. Marchant Mar. 1964 
161 p refs 
(TR-29; AD-460485) 
The largest fundamental selenocentric control adjustment 
ever obtained from astronomical research was completed. 
The control contains almost twice as many points as, and covers 
30% more area than. any previous adjustment. There are 256 
points in an equal-area distribution over the portion of the 
moon visible from the earth. The average point was measured 
on six photographic plates. The rms horizontal and vertical 
uncertainties of the system are. respectively. f 1094 and f 8 5 8  
meters. The data wi l l  be refined through a determination of 
the radius and figure of the moon based on the new control 
system. Author 
Army Map Service, Washington, D. C. 
N66-24717*# National Aeronautics and Space Administration 
John F Kennedy Space Center. Cocoa Beach Fla 
ENGINEERING LUNAR MODEL OBSTACLES (ELMO) 
J R Olivier and R E Valentine 8 Mar 1965 56  p 
(NASA-TM-X-56451. TR-145-D) CFSTI HC $3 OO/MF $0 50 
This report presents an analytical procedure for determining 
the energy required by a lunar roving vehicle for negotiating 
small obstacles Some results of a limited parametric analysis 
generated by use of this procedure are included Energy require- 
ments are calculated for a typical vehicle to illustrate the use 
of the data and to  establish a base line value Author 
N65-24774'# National Aeronautics and Space Administration, 
Washington, D .  C. 
CANOES IN THE 18TH AND EARLY 19TH CENTURIES 
[OPISANIYA N A B L Y U D E N I Y  V U L K A N O V  N A  L U N E  
v XVlll I NACHALE XIX vv] 
T. N. Klado Jun. 1965 15 p refs Transl. into ENGLISH from 
Istoriko-Astron. Issled. (USSR), v. 6, 1 Jan. 1961 p 263-278 
The outstanding theories of the last 200 years o n  the 
question of the existence of  lunar volcanoes. from Herschel 
t o  present are presented The propositions of leading investi- 
gators are compared as represented by their o w n  documents 
and letters, in which they defend their o w n  propositions. de- 
scribe their research methods and findings, and refute or de- 
fend others. Explanations are offered in perspective, t o  dis- 
prove past theories defending lunar volcanism Author 
DESCRIPTIONS OF OBSERVATIONS OF LUNAR VOL- 
(NASA-TT-F-310) CFSTI: HC $l.OO/MF $0.50 
N66-26286# Grumman Aircraft Engineering Corp.. Bethpage. 
N.  Y. Research Dept. 
A STUDY OF RADAR PROBING OF THE LUNAR SUB- 
SURFACE 
D. J. Germignani Oct. 1964 248 p 
(RE- 1 86) 
The feasibility of exploring the consistency of  rock layers 
beneath the surface of the moon by analyzing reflected micro- 
waves excited by a radar system installed in a lunar orbiting 
satellite was studied. Presented are results o f  a study of  a 
simplified model which disposes of  variables as the nature o f  
reflected fields due t o  a narrow pulsed incident field in the 
vicinity of a stratified or  continuous lossy half-space, and the 
existence of  a low conductivity wi th in  the lunar subsurface in 
order t o  allow penetration of electromagnetic waves for sub- 
surface analysis. wi thout  losing the essential features of  the 
problem. S.C.W. 
N66-26698# Boeing Scientific Research Labs Seattle Wash 
Mathematics Research Lab 
THE NON-HOMOGENEITY OF THE MOON Mathematical 
Note No. 399 
C L Goudas Mar 1965 13 p refs 
(Dl-82-0421, AD-613645) 
Fourier expansions of the lunar profile at libration angles 
different than zero were found for total eclipse measure- 
ments and compared to  the Fourier expansion of the l imb 
for full-moon measurements It was concluded that the lunar 
l imb as presented by photographic observations IS very dif- 
ferent from its form, based on the assumption that the moon 
IS everywhere homogeneous G G  
N66-26232# Air Force Cambridge Research Labs., Bedford. 
Mass. Space Physics Lab. 
STUDIES OF THE CHARACTERISTICS OF PROBABLE 
LUNAR SURFACE MATERIALS Special Report No. 20 
John W.  Salisbury and Peter E. Glaser (Arthur D. Little. Inc.) 
Jan. 1964 320 p refs Prepared in cooperation wi th  Arthur D. 
Little, Inc. 
(Contract A F  19(628)-421) 
(AFCRL-64-970: AD-61 301 8) 
This report presents the findings of a cooperative effort by 
scientists of the Lunar Planetary Research Branch of the Air 
Force Cambridge Research Laboratories and of Arthur D. Little, 
Inc.. on theoretical and experimental studies to determine the 
nature and most probable physical form of materials on the 
lunar surface. The accomplish these goals, the following ef- 
forts were performed: (1) installation of an ultra-high-vacuum 
system t o  simulate the probable lunar environment, (2) 
selection of material samples to simulate the probable lunar 
surface. (3) experimentation on and analysis of these materials 
in a high vacuum, (4) studies of the behavior of clean surfaces 
in a high vacuum, (5) measurements of electrostatic phe- 
nomena in a high vacuum, (6) measurement of thermal prop- 
erties in a high vacuum, and (7) spectroscopic studies. Author 
N66-27687# Air Force Systems Command, Wright-Patterson 
AFB. Ohio. Foreign Technology Div. 
EXPERIMENTS I N  TELEVISION PHOTOGRAPHY OF THE 
MOON IN THE 0.8-1.1 AND 0.8-2.3 p RANGE 
N. F. Kuprevich 30 Mar. 1965 17 p refs Transl. into ENG- 
LISH from Izv. Astron. Observ. (Paulkovo). v. 23. no. 2. 1963 
p 110-1 1 4  
(FTD-TT-65-90/1+2: A D-614395) 
The article describes the results o f  observing the surface 
of  the moon in the spectral range of 0 . 8 - 2 . 3 ~  by means of a 
television system. Comparison is made between infrared photo- 
grephs and those taken earlier by other authors in the visible 
range. It was discovered that wi th  an increase in wavelength 
into the infrared region of the spectrum the photos exhibited 
an increase in contrast and revealed lunar surface details not 
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N65-30050 
d e t a e d  on ordinary photographs. It is proposed that the in- 
crease in contrast and the appearance of new details in the 
lunar surface image may be explained by a decrease in lumi- 
nescent radiation in the infrared rays. Author 
N65-27663# Boeing Scientific Research Labs.. Seattle. Wash. 
Mathematics Research Lab. 
LUMINESCENCE OF THE LUNAR SURFACE Mathematical 
Noto No. 391 
Zdenek Kopal Feb. 1965 4 1  p refs Submitted for Publica- 
t ion 
(Dl-82-0410) 
Factors involved in the luminescent phenomena from the 
lunar surface are discussed. Three categories of incident 
radiation from the moon are considered: scattered sunlight 
which can be seen from the earth's surface, absorbed and re- 
emitted sunlight whose waves cannot penetrate the earth.s 
atmosphere and cannot be seen from the ground, and other 
high energy uy and X-ray quanta and corpuscular radiation 
from the sun. It is postulated. and Observations indicate sup- 
port. that the recombination of atoms from the third category 
does not occur by a single transition process as in the other 
two categories, but by a cascade process giving rise t o  lumi- 
nescent emission at longer wavelengths, which can penetrate 
the atmopshere of the earth and be observable on the ground. 
Solar influence. direct or indirect. on lunar brightness is cited, 
, and the 11 year solar cycle is related to  the luminar luminosity. 
' Observational evidence .indicates that the luminescence of 
the moon occurs and recurs in certain regions on its sur- 
face. suggesting strong localization of the luminophor of un- 
known chemical structure. L.S. 
' 
, 
' N65-28089*# Texas A & M  Univ.. Colleoe Station Activation 
Analysis Research Lab. 
MATIC, REMOTE ACTIVATION ANALYSIS FOR LUNAR 
SURFACE ANALYSIS Semiannual Report. Nov. 1. 1964- 
Apr. 30.1965 
Manchery P. Menon. ad. 1 May 1965 6 5  p refs 
(Grant NsG-256-62) 
A N  INVESTIGATION OF COMPUTER-COUPLED, AUTO- 
(NASA-CR-63059) CFSTI: HC $3.OO/MF $0.75 CSCL 0 7 0  
CONTENTS: 
1. TOLERANCE LEVELS OF INTERFERENCE FROM 
TIVATION ANALYSIS OF SIMULATED MOON MATRIX 
M. Y. Cuypers 22 p refs (See N65-28090 17-06) 
2. DETECTOR RESEARCH C. F. Lam 12 p refs (See 
3. PRELIMINARY STUDIES ON THE POSSIBLE USE 
OF SINGLE CHANNEL ANALYZERS FOR THE 1 4  MEV 
NEUTRON ACTIVATION ANALYSIS OF THE MAJOR 
ELEMENTS I N  ROCK SAMPLES P. Jimenez and L. E. Fite 
11 p refs (See N65-28092 17-06) 
TEORITES. SIDEROLITE AND TEKTITE USING 1 4  MEV 
NEUTRONS M. P. Menon 11  p refs (See N65-28093 17-06) 
ONE ELEMENT TO THE OTHER I N  14 MEV NEUTRON AC- 
N65-28091 17-14) 
4. INSTRUMENTAL ACTIVATION ANALYSIS OF ME- 
N65-29191'# California Inst. of Tech.. Pasadena. 
logical Lab. 
Seismo- 
[EXPERIMENTAL INVESTIGATION OF DEVICES FOR 
SEISMIC STUDIES OF THE LUNAR SURFACE] 
port. On. 1.1963-Dec. 31,196$ 
31 Dec. 1964 41 p 
(Grant NsG-535) 
FiMl Re- 
(NASA-CR-63950) CFSTI: HC $2.00/MF $0.50 CSCL 17J 
This report is  a summary of experimentation conducted in 
studying the deployment of  instrumentation into large arrays. 
by a method applicable t o  use on the lunar surface. Particular 
emphasis was placed on its use for extension of an array of 
geophones or explosive charges to  perform a seismic refrac- 
tion study of lunar layering to  depths of approximately 500 
feet. N.E.A. 
N65-29454*# Cornell Univ.. Ithaca. N. Y. Center for Radio- 
physics and Space Research. 
THE IMPLICATIONS OF THE RANGER MOON PICTURES 
T. Gold 11 Aug. 1964 9 p refs 
(Grant NsG-382) 
(NASA-CR-58463: CRSR-176) CFSTI: HC $1.00/MF S0.50 
CSCLO3B 
The Ranger pictures leave no doubt that erosion is a major 
effect in shaping the lunar surface. Evidence for errosion oc- 
currence on the lunar surface is presented. The Ranger pictures 
appear to show mostly a uniform, fine-grained material of low 
structural strength near the surface and in the first few meters 
depth. They show no hint of any transition to  a different ma- 
terial below. such as a change in the appearence of deeper 
craters or an occasional out-crop of something looking like 
rock. It is therefore most likely that one IS seeing the same 
type of material at all the depths excavated by the craters. but 
very probably in progressively greater compaction and ce- 
mentation at the greater depth. The Ranger pictures have 
strengthened the case for dust as the main constituent of the 
lunar lowlands by not showing any rock formations. N.E.A. 
N65-29491*# Arizona Univ.. Tucson. 
THE WAVELENGTH DEPENDENCE OF POLARIZATION. 
111: THE LUNAR SURFACE Final Report 
T. Gehrels. T. Coffeen. and D. Owings 31  Jul. 1964 2 p Pre- 
(Grant NsG-493) 
(NASA-CR-58739) CFSTI: HC $1.00/MF $0.50 CSCLOJB 
Photometricand polarimetric observations of the moon and 
other objects were obtained. Reductions were greatly facili- 
tated by the use of digitized equipment. Calculations were 
madeon the Mie theory of brightness and polarization predicted' 
for spherical particles wi th a range of size and refractive index. 
The calculations were used on the particles in the surface 
layer of the moon. The results of the observations and the Mie 
calculations are presented. R.N.A. 
pered jni!??!y with !ndiana clni.. .. B!eemi!?gren 
N65-30050*# Grumman Aircraft Engineering Corp.. Bethpage. 
N.Y. Grumman Research Dept. 
PHOTOMETRIC MEASUREMENTS OF SIMULATED LUNAR 
SURFACES 
J. D. Halajian Jan. 1965 121 p 
(Contract NAS9-3182) 
CSCL 038 
A photometric investigation of natural specimens at 0". 
30", and 60" viewing angles, and of geometric solids covered by 
a backscattering powder is described. Furnace slag. volcanic ash. 
coral, foam, carborundum. and metallic meteorite are among 
the specimens considered, and the results are given in graph- 
ical form. Artificial and controlled models were used in an at- 
tempt to develop an intuitive and, if possible. an analytical 
grasp of how the geometrical properties of the lunar surface. 
or any surface, emerge from its photometric properties. The 
effects of surface roughness, albedo. grain size. and porosity 
were also investigated. and graphical results are presented. 
Results confirmed the conclusion that it is unnecessary to pos- 
tulate a layer of dust on the moon in order to  account for lunar 
photometric data: neither can the presence of lunar dust be 
ruled out on the basis of these data. C.T.C. 
(NASA-CR-65083: RM-262) CFSTI: HC $4.00/MF $1.00 
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N65-30070# Army Missile Command. Huntsville. Ala. Red- 
stone Scientific Information Center. 
COMPARISON OF COLOR AND COEFFICIENTS OF BRIGHT- 
NESS OF DIFFERENT REGIONS O N  THE LUNAR SURFACE 
WITH SOME TERRESTRIAL ROCKS 
N.  P. Barabashev and A.  T..Chekirda Apr. 1965 11 p refs 
Trans1 into ENGLISH from Astron Zh. (Moscow). v. 33, no 4, 
1956 p 549-555 
( R  SI C -403. AD -6 1 6537) 
A comparison of the color and the coefficients of bright- 
ness of  typical lunar formations with those of some terrestrial 
substances was made by photographic observations with five 
light filters. infrared. red. green, blue, and ultraviolet. I t  was 
shown that the reflecting power of the lunar surface for the 
solar spectrum increases towards the red and infrared parts 
of the spectrum. Of the substances investigated, red quartz 
porphyry, quartz sandstone. auripigmentum. and volcanic tuff 
and ashes are most similar t o  the lunar surface. Average colors 
of various lunar formations, and the differences in stellar 
magnitudes for the various regions of the lunar surface, in re- 
lation to  a white screen, are tabulated. C.T.C 
C L Goudas Feb 1965 55 p refs I t s  Mathematical Rote 
No 390 
(D 1-82-0409) 
Values of the coefficients J,, and Ji, of the expansion 
into surface harmonics of the lunar surface as presented by 
the Selenodetic Control System of the Army Map Service 
are derived Data for the Marginal Zone are taken from the 
maps of Watts and Hayn and the measurements of Davidson 
and Brooks and the far lunar side is assumed to be symmetrical 
to the near one I t  is found that the present results agree 
wi th  those derived from the data of Schrutka-Rechtenstamm 
and are close to the figures for a homogeneous Moon as far 
as the second zonal and sectorial terms are concerned There 
is less agreement in the third surface harmonic and even less 
in the fourth The results have little resemblance to  those 
derived from Baldwin’s data on exactly the same assumptions 
It appears that at present the Selenodetic Control System of 
the Army Map Service should be rated as the best existing 
source, followed by the data of Schrutka-Rechtenstamm 
Author 
N65-30658# Cornell Aeronautical Lab Inc Buffalo N Y 
SOME MORPHOMETRIC PROPERTIES OF THE LUNAR 
LUNAR AERONAUTICAL CHARTS 
Richard J Pike 21 Aug 1964 120 p refs I f s  Internal Res 
No 86-141 
(CAL VS 1985 C 1 AD-616899) 
A numerically expressed and relatively objective system 
of topographic description which was used to delimit homog 
eneous terrain regions in Central Europe is applied to the 
lunar surface hoping to delimit reasonably homogeneous top0 
graphic regions and then use the numerical descriptions of 
these regions t o  infer statistically the configuration of the 
lunar surface at a scale far below that from which the basic 
data were taken The principal objective is to be a prediction 
of surface roughness an estimation of the configuration of the 
microterrain upon which projected manned vehicles would 
have t o  land or over which they would maneuver TA B 
SURFACE-A PRELIMINARY INVESTIGATION FROM 
N65-30883# Air Force Cambridge Research Labs , Bedford, 
Mass Space Physics Lab 
A N  INTRODUCTION TO THE GEOLOGY OF THE MOON 
Special Report No. 23 
Lucian0 B .  Ronca May 1965 37 p refs 
(AFCRL-65-357. AD-61 7721) 
An introduction to the study of the moon is presented from 
a geological point of view. The most important theories on 
lunar features are presented and discussed. and new interpre- 
tations are proposed. Lunar physiography. stratigraphy and tec- 
tonics are described. The most important physiographic features 
are craters. terrae. maria. rilles, wrinkle ridges, rays. halos, 
mountain ranges. and alpine valleys. From the physiography it 
IS possible to speculate on the geologic processes acting 
on the moon These are “space weathering”. meteoritic im-  
pact, volcanism. ballistic transportation and sedimentation. 
electrostatic transportation. and tectonism. The stratigraphy 
has been determined by applying the law of superposition. 
The column consists of the Pre-lmbrian. Imbrian. Procella- 
rian. Eratosthenian. and Copernican Systems The future of 
lunar exploration is discussed. Author 
N65-32112*# Colorado Univ Boulder Lab for Atmospheric 
and Space Physics 
OF GASES IN THE ULTRAVIOLET AND A N  ANALYSIS 
OF THE RAY SYSTEM b F  THE LUNAR CRATER TYCHO 
Scientific Report No. 3, Sep. 1963-Apr. 1964 
Martin Sedlacek May 1964 32  p refs 
(Contract NASr-86) 
(NASA-CR-56924) CFSTI HC $2 00 /MF $0 50 CSCL 038 
The design of an instrument to measure the energy spectrum 
of electrons and a theoretical investigation of the Tycho ray 
system on the moon are considered The experimental apparatus 
consists of three main parts (1) the vacuum-mdnochromator 
and the light source, (2) ionization chamber and electron spec- 
trometer and (3) detector and counter The tine structure of the 
absorption process was revealed The very long rays of the Tycho 
system are considered There is evidence that Tycho’s position 
with respect t o  the axis of rotation was changed after the dep- 
osition of the rays The system shows left and right-handed 
curvature wi th  a distince symmetry indicating that Tycho once 
was near or even on the equator It was shown that one can 
calculate the t ime which elapsed since the formation of the 
Tycho system R W H  
FINE STRUCTURE OF THE ABSORPTION CROSS-SECTICN 
N66-32117*# National Aeronautics and Space Administration. 
Goddard Space Flight Center, Greenbelt. Md.  
THE LUNAR RILLS 
Winifred Sawtell Cameron [1964] 8 p refs Submitted for 
Publication 
(NASA-TM-X-54816) CFSTI: HC $l.OO/MF $0.50 CSCLOIB 
Presented is a discussion on the origin and classification 
of lunar rills. Considered are valley-like rills, normal-. sinuous-. 
and crater-chain-rills. Also cited are data from Ranger-VI1 
s . c  w .  photographs of  the lunar surface. 
N65-33536*# Harvard Coll. Observatory. Cambridge. Mass. 
DUCTION EOUATION IN THE LUNAR SURFACE FOR 
TEMPER A T U  R E-DEPE N DENT T H E R M A L  PROPERTIES 
Scientific Report No. 7 
A COMPUTER PROGRAM TO SOLVE THE HEAT-CON- 
Jeffrey L Linsky 1 5  Jul 1965 54  p refs 
(Grant NsG-64-60) 
N65-31020# Boeing Scientific Research Labs Seattle (NASA-CR-64833) CFSTI HC $3 00 /MF $0 5 0  CSCL2OM 
Wash Mathematics Research Lab A computer program is presented t o  solve the heat con- 
THE SELENODETIC CONTROL SYSTEM OF THE ARMY duction equation for boundary conditions appropriate t o  the 
M A P  SERVICE lunar surface during an eclipse and during a lunation This 
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N65-34232 
program allows for very general representations of the tem- 
perature- and depth-dependent thermal properties in a multi- 
layer model. Both infrared and microwave brightness tem- 
peratures may be predicted for the Moon and similar rotating 
bodies in which thermal conduction and radiative transfer are 
the most significant forms of energy transport near the surface. 
Author 
N65-33552 8endix Corp.. Ann Arbor. Mich. Systems Div. 
APPLICATION OF A PHOTOMETRIC TECHNIQUE FOR 
MAPPING THE LUNAR SURFACE 
M .  E. Amdursky In  Mich. Univ. Proc. of the 3d Symp. on Re- 
mote Sensing of Environment Feb. 1965 p 29-49 refs 
(See N65-33550 22-13) 
The studies discussed in this paper have been performed 
to  gain knowledge on how the lunar landscape might appear 
to  an image-forming device such as a television camera and 
display system and how the unique back-scattering lunar 
photometric function may be utilized to aid in determining 
the existence and nature of slopes and other lunar features. 
A simulated lunar model which exhibits the photometric char- 
acteristics and an analysis of the accuracies achievable wil l be 
described. Means by which a computer can be used to analyze 
the video data are suggested. The limitations of the technique 
and i ts relative value in comparison to  other map-making 
methods such as photogrammetry are also discussed. Author 
N65-33666# 
REPORT OF NRL PROGRESS 
Jun. 1965 63 p refs 
(PB167681) CFSTI: $1.25 
CONTENTS: 
1. RESEARCH AT THE BOTTOM OF THE OCEAN 
C. L. Buchanan p 1-6 
2. DECAMETER-WAVE RADAR STUDIES OF THE 
LUNAR SURFACE J. R. Davis. D. C. Rohlfs. G. A. Skaggs. 
and J. W. Joss (RCA Serv. Co.. Inc.) p 7-16 refs (See N65- 
Naval Research Lab.. Washington. D. c 
33667 22-30) 
PROBLEM NOTES 
3. CHEMISTRY p 17-20 ref 
4. ELECTRICITY p 2 0 - 2 1  refs 
5. MECHANICS p 2 2 - 2 5  refs 
6. METALLURGY A N D  CERAMICS p 26-39 refs 
7. OPTICS p 4 0  ref 
8. RADIO p40-47 refs 
9. SOLID STATE PHYSICS p 47-51 refs 
SUPPORTING TECHNIQUES 
G. L. Harvey p 52-56 
11. A N  APPARATUS FOR SIMULTANEOUSLY MEAS- 
URING MULTIPLE THRESHOLD POTENTIALS WITH A 
TIME-OF-FLIGHT MASS SPECTROMETER R .  S. Olfky and 
F. E. Saalfeld p 56-58 refs 
12. A GRAPH WHICH DETERMINES THE NUMBER OF 
CROSSOVERS I N  UNIVERSAL WOUND COILS M .  S. Lieber- 
man p 5 8 - 6 0  refs 
10. A LOGARITHMIC AMPLIFIER WITH 60-db RANGE 
N65-33667 
SURFACE 
J R Davis. D C Rohlfs. G A Skaggs. and J W Joss (RCA 
Serv C o ,  Inc . Camden. N J ) In Its Rept of NRL Progr Jun 
1965 p 7-16 refs (See N65-33666 22-30) CFSTI $1 25  
Naval Research Lab. Washington. D C 
DECAMETER-WAVE RADAR STUDIES OF THE LUNAR 
An extended series of decameter-wave measurements of 
the total radar cross section of the moon has corroborated a 
previous NRL suggestion that this parameter has a substan- 
tially larger value in the decameter region than at shorter wave- 
lengths Examples are given of the ionospheric effects which 
require decameter-wave measurements conducted over a 
transionospheric path to  be regarded with caution A beginning 
study of possible discrete scattering centers located in regions 
Author toward the l imb of the moon is described 
N65-33862'# Boston Univ.. Mass. 
THE ZONE OF SUPERSONIC FLOW CAUSED BY LARGE 
METEORITES STRIKING THE LUNAR SURFACE Rerearch 
Report No. 15 
M. P. Batra Mar. 1965 40 p refs Its Astron. Contrib. Ser. 
II. No. 40 
(Grant NsG-246) 
(NASA-CR-67002) CFSTI: HC $2.OO/MF $0.50 CSCL 22A 
We have applied the blast-wave theory. utilizing the self 
similarity technique, for solving the equations of the Fluid- 
Mechanical model. The penetration of  the meteorite t o  the 
depth when i ts velocity becomes acoustic has been found to  
be equal t o  4 to  6 meteorite diameters, depending upon the 
impact velocity and the mass of the meteorite. This confirms 
the prediction made by Baldwin for the penetration of the 
meteorite in the formation of craters w i th  Central Mountain 
peak. This limit of penetration is called the 'sonic-crater depth' 
The sonic-crater depth also happens to be approximately 
equal to the depth of Central Mountain peak from the level 
ground. The sonic-crater depths can be scaled for different 
velocities, different masses and different substances using 
Bjorks scaling laws. The sonic depth. after having been scaled 
for iron and tuff. agrees fairly well w i th  that computed by 
8jork for the meteor crater Arizona. W e  have also confirmed 
the 2 /3  power law or Eicheiberger & Cenring arid Waish h 
Tillotson. Author 
N65-33965'# Consultants and Designers, Inc.. Arlington. Va. 
ALTERATION OF LUNAR SOIL'S POLARIZING PROP- 
ERTIES BY THE ACTION OF SOLAR PROTONS [L'ALTER- 
ATION DES PROPRIETES POIARIMETRIQUES D U  SOL 
LUNAIRE PAR L'ACTION DE PROTONS SOLAIRES] 
Audquin Dollfuss and John E. Geake 23 Sep. 1965 6 p refs 
Transl. into ENGLISH from Comp. Rend.  Acad. Sn.. Selena- 
graphie (Paris). v. 260. 1 0  May 1965 p 4921-4923 
(Contract NAS5-3760) 
$0.50 CSCLO3B 
The photometric and polarimetric characteristics of lunar 
soil can be modified by solar wind-produced proton bombard- 
ment. Some of the mineral matters in powdered state acquire 
under proton bombardment polarizing properties almost ident- 
ical to  those of lunar soil. Author 
(NASA-TT-F-9901; ST-LPS-CC-10389) CFSTI- HC $l.OO/MF 
N65-34232*# Nuclide Corp., State College. Pa. 
THE DISTINCTION OF ROCK TYPES ON THE BASIS OF 
THEIR MASS SPECTRA, WITH SPECIAL REFERENCE 
Werner G. Deuser Washington. NASA. Sep. 1965 18  p refs 
(Contract N ASw- 1062) 
TO LUNAR-SURFACE APPLICATIONS 
(NASA-CR-310) CFSTI: HC $l.OO/MF $0.50 CSCL 08G 
It is shown that the rock types most commonly expected 
t o  be encountered on the lunar surface can for the most part 
be readily distinguished. chemically. by plotting their relative 
concentrations of Fe. M g  and AI on a ternary variation diagram. 
The necessary data for characterizing an unknown as t o  rock 
11 
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type can be quite easily extracted from complete or partial 
mass spectra such as may be obtained by means of a robot 
mass spectrometer on the lunar surface Fo; most composi- 
tions. determination of  only t w o  nuclide or element ratios wi l l  
characterize the sample For others. the determination of one 
additional ratio or comparison wi th  a few standard spectra pre- 
viously obtained in the laboratory may be necessary to  classify 
the unknown in terms of the chemistry o f  terrestrial or meteo- 
ritic equivalents No quantitative assay of element concentra- 
tions is necessary for such a first classification Author 
N66-34925# 
AFB. Ohio. Foreign Technology Div. 
COSMIC RESEARCH, VOLUME 3. NO. 3 
18 Aug. 1965 276 p refs Transl. into ENGLISH of the book 
"Kosmicheskiye Issledovaniya. Tom Ill. Vypusk 3" Moscow. 
Izd. Nauka. 1965 p 347-504 
(FTD-TT-65.82811 f2; AD-619986) 
Research on space vehicle trajectories and orientation in 
gravitational fields, measurement of atmospheric density and 
radiation, and the influence of spaceflight on bacteria and 
plantlife is reported. For individual titles see N65-34926- 
Air Force Systems Command. Wright-Patterson 
N65-34947. 
N65-34934 Air Force Systems Command Wright-Patterson 
AFB. Ohio Foreign Technology Div 
THE PHYSICAL PROPERTIES OF THE LUNAR SURFACE 
Ye L Ruskol In !ts Cosmic Res, Vol 3. No 3 18 Aug 1965 
p 76-103 refs (See N65-34925 23-30) 
Results of investigations into properties of the lunar sur- 
face conducted during the past two-three years are reviewed 
Data are presented on the characteristics of the lunar surface, 
averaged over the entire disk of the moon as well as on local 
nonuniformities Results of laboratory simulation of lunar sur- 
face conditions are described The paper examines the relation- 
ship between the data on the thermal regime of the upper lunar 
layers and the problem of the escape of gases from beneath 
the lunar surface and the history of the lunar atmosphere 
Author 
N65-34950*# Jet  Propulsion Labs., Calif. Inst. of Tech.. Pasa- 
dena. 
GRAM Progress Report of Research and Development, 
Jul. 1964-Mar. 1965 
H. C Speed. J A.  Dunne. and D 8 .  Nash. ed. 1 Jun. 1965 191 p 
refs 
(Contract NAS7-100) 
$1 25 CSCL2OF 
Papers are presented which summarize scientific research 
and instrument development during the interval from July 1. 
1964 to  March 1. 1965 in the Lunar and Planetary X-Ray Dif- 
fraction Program at the Jet Propulsion Laboratory. For indivi- 
dual titles see N65-34951-N65-34971 
LUNAR AND PLANETARY X-RAY DIFFRACTION PRO- 
(NASA-C R-67 178: J PL-TM-33-218) C FSTI: HC $5.00/M F 
N66-34967. Jet Propulsion Lab.. Calif. Inst. of Tech., Pasa- 
dena. 
GUIDELINES FOR THE DEVELOPMENT OF A LUNAR 
SAMPLE PREPARATION SYSTEM 
D. B. Nash In i t s  Lunar and Planetary X-ray Diffraction Pro- 
gram 1 Jun. 1965 p 51-69 refs (See N65-34950 23-14) 
CFSTI: HC $5.00/MF $1.25 
The problem of sample preparation for the X-ray diffrac- 
tometer is discussed and the guidelines for proper selection 
and handling of lunar rock samples for X-ray analysis are sum- 
marized Also. minimum sample requirements. sampler-design 
constraints. and model lunar surfaces for testing sampler mech- 
anisms are presented. Particle size. grain shape, preferred 
orientation. porosity, homogeneity. thickness. contamination, * 
fractionation. and excessive temperature are considered. The 
design constraints considered are (1) A minimum of two lunar 
samples and one Earth standard are to  be provided. (2) Pul- 
verization must be simultaneous wi th  sample acquisition. (3) 
Particles should not be screened for particle size separation. 
(4) Gravity should not be relied upon for the movement of the 
sample. (5) Power requirements, weight. and complexity of 
the system should be as low as possible E.E.B. 
N65-34958' 
dena 
DRILLING TEST PROGRAM 
G. M .  Hotz In i ts  Lunar and Planetary X-Ray Diffraction Program 
1 Jun 1965 p 71-78 (See N65-34950 23-14) CFSTI: HC 
$5.00/MF $1.25 
A rock-drill development program was conducted concur- 
rently with an investigation into means of sample acquisition. 
transport, and transfer for a sampling system for a lunar X-ray 
diffractometer to be used o n  unmanned landers. Both rotary 
and rotary-impact drilling were investigated. Rotary drilling was 
found to be an adequate means of fragmenting hard rock but a 
marginal processing method under the limitations imposed. 
Rotary-impact drilling proved to  be much more dependable and 
efficient means of fragmenting and reproducibly processing 
hard rock A mechanical rotary-impact breadboard drill of low 
power requirements and high efficiency was developed Con- 
straints, design goals, test procedures, and test results are dis- 
cussed. It was concluded that a drill designed for the program 
should have the following characteristics: (1) 40 W power 
rating: (2) penetration rate of 0.6 inch/min: (3) normal force 
of 40 Ib: (4) impact rate of 200 impactslmin: (5) impact energy 
per blow of 1 to 1 1 / 2  ft-lb. (6) bit rotational speed of 2 0  rpm: 
(7) bit  diameter of 1 /2  inch: and ( 8 )  tungsten carbide cutter 
material. E.E.B. 
Jet Propulsion Lab., Calif. Inst. of Tech, Pasa- 
N65-36207# Grumman Aircraft Engineering Corp.. Bethpage. 
N. Y. Grumman Research Dept. 
POLARIMETRY AND THE LUNAR SURFACE A Literature 
Survey 
W. G. Egan Apr 1965 61  p refs 
(RM-27 1 ) 
Light reflected by illuminated materials exhibits polariza- 
tion, wi th  properties dependent upon the nature of the surface 
and the angles of incidence and observation. This is caused by 
reflection. scattering. diffraction, single and double refraction. 
and absorption, w i th  all processes occurring simultaneously. 
A survey was made of the literature on planetary polarization. 
wi th  particular emphasis on that o f  the lunar surface. and the 
results are presented herein. Following a short introduction and 
history, a brief synopsis of  polarization theory and photo. 
metric definitions is presented. A description of measuring 
devices ensues. with data presented on lunar observations and 
laboratory measurements Particular emphasis is placed on the 
work of the French group (Lyot. Dollfus). but not t o  the ex- 
clusion of the Russian workers The conclusion summarizes the 
present state of the art. and outlines areas where further in- 
vestigation is required. An extensive bibliography is included. 
Author 
N66-36318# Manchester Univ (England) 
LUNAR COORDINATES AND THEIR 
Interim Scientific Report No. 1 
Zdenek Kopal 3 May 1965 57 p refs 
(Grant AF-EOAR-64-49) 
(AFCR L-65-589. AD-620242) 
Dept. of Astronomy. 
D ETE R M I N A l l  ON 
12 
. 
N66-10373 
The methods of determining the apparent lunar coordinates 
of a point of the surface of the Moon from a photographic 
plate are derived from first principles. The theory of the de- 
termination of relative heights of features on the lunar surface 
is rigorously formulated. together wi th the necessary formulae 
to account for the effects of solar l imb darkening. A more 
general theory applicable to  the case of photographs taken 
from a spacecraft is  also derived. Finally. a comprehensive 
account of the rotation of the Moon and optical librations is 
given. Author 
N65-36554'# Cornell Univ.. Ithaca. N. Y. Center for Radio- 
physics and Space Research. 
EFFECTS OF SEVERAL PARAMETERS ON THE OPTICAL 
PROPERTIES OF SOME ROCK POWDERS, WITH APPLICA- 
TIONS TO THE MOON 
Hsiu Yung Chen Chow Jun. 1965 49 p refs 
(Grant NsG-382) 
CSC L 08G 
The effect of several parameters on the optical properties 
of some rock powders were investigated to reduce the range 
of materials suspected of composing the moon's surface. 
Experiments showed that photometric and polarometric 
Properties of rock powders are critically dependent on particle 
size and hydrogen ion irradiation dose; surface compaction 
and chemical composition have less effect. A moderately com- 
pacted powdered surface with a particle size distribution 
which peaks between 1 and 1 0  microns and irradiated by 
hydrogen ions for a dose about 9 0  coul/cm*. possesses optical 
properties similar to those of the moon. Varying the chemical 
composition changes the optical curves slightly. however. 
by minor adjustments of size distribution and dose. the lunar 
type curves can be obtained from many different types of 
rock powders. It is not possible to  decide whether the different 
photometric characteristics of the mares, highlands, and craters 
are due to differences in chemical composition or to different 
times of exposure to  the solar wind. R.N.A 
(NASA-CR-67554; CRSR-200) CFSTI: HC $2.00/MF $0.50 
N65-36715# RAND Corp.. Santa Monica. Calif. 
A STOCHASTIC MODEL OF THE FORMATION AND SUR- 
VIVAL OF LUNAR CRATERS. 11: APPROXIMATE DISTRI- 
BUTION OF DIAMETER OF ALL OBSERVABLE CRATERS 
A. H.  Marcus (Case Inst. of Tech.) Aug. 1965 41  p refs 
(Contract AF 49(638)-700: Proj. RAND) 
( R  M -4681 -PR ; A D-620227) 
It is assumed that the number density of lunar craters 
evolves because of the arrival of new craters and the oblitera- 
t ion of earlier craters by the formation of more recent ones 
nearby. Approximations are developed which permit the calcu- 
lation of the expected number density of all observable lunar 
craters as a function of crater diameter and of time. Thls result 
is applied to  the meteoroidal impact hypothesis for the origin 
of lunar craters. It is shown that obliteration alone is not suf- 
ficient t o  explain observed crater diameter distributions. 
Author (TAB) 
N65-36783# RAND Corp . Santa Monica Calif 
A STOCHASTIC MODEL OF THE FORMATION AND SUR- 
VIVAL OF LUNAR CRATERS. 111: FILLING AND DISAP- 
PEARANCE OF CRATERS 
A H Marcus Aug 1965 3 7 p  refs 
(Contract AF 49(638)-700. Pro1 RAND) 
( R  M-4682-PR. AD-620228) 
A previous model is extended to  include the effects of the 
disappearance of craters due to  filling by dust or lava Both 
the age distribution and expected number density of lunar 
craters are obtained as functions of crater diameter and of time 
These results are applied to  the meteoroidal impact hypothesis 
of the origin of lunar craters. Good agreement is obtained with 
observed number densities on the lunar continents and maria. 
It is assumed that the rate of filling of craters on the continents 
corresponds to the rate of meteoritic accretion. and the rate 
of filling on the maria is 50  to 100 times larger than on the 
continents. corresponding to  filling of mare craters by lava. 
Author (TAB) 
N65-36811# Boeing Scientific Research Labs.. Seattle. Wash. 
Mathematics Research Lab. 
THE SELENODETIC CONTROL SYSTEM OF THE AERO- 
NAUTICAL CHART AND INFORMATION CENTER OF THE 
U. S. AIR FORCE 
C. L. Goudas Jun. 1965 36  p refs Its Math. Note No. 413 
Values of the coefficients J,, and J i  of the expansion into 
spherical harmonics of the surface of the moon as presented 
by the selenodetic control system of the Aeronautical Chart 
and Information Center (ACIC). U. S. Air Force. are derived. 
Data for the marginal zone are taken from the maps of Watts 
and Hayn. and the measurements of Davidson and Brooks. It 
is found that the present vdues are in good agreement wi th 
those derived on the basis of the same data by Schrutka- 
Rechtenstamm and the Army Map Service. The AClC Control 
System approximates best the figure of the moon as this is 
derived from the study of i ts  physical libration on the assump- 
tion of homogeneity. Author 
(Dl-82-0443) 
1966 
STAR ENTRIES 
N66-10342*# Jet Propulsion Lab.. Calif. Inst. of Tech., Pasa- 
dena. 
A PHOTOMETRIC METHOD FOR DERIVING LUNAR TOPO- 
GRAPHIC INFORMATION 
T. Rindfleisch 15 Sep. 1965 20 p refs 
(Contract NAS7-100) 
$0.50 CSCL 22A 
A general and rigorous treatment is given of the photo- 
metric method for deriving lunar surface elevation information 
from pictures of the surface. I n  the course of the derivation cer- 
tain shortcomings inherent in the method are pointed out. The 
resulting equations are then applied to the Ranger pictures as 
part of a digital processing procedure and examples are given. 
Author 
N66-10373# Boeing Scientif ic Research Labs.. Seattle. 
Wash. Mathematics Research Lab. 
NAUTICAL CHART AND INFORMATION CENTER OF THE 
U. S. AIR FORCE 
C. L. Goudas Jun. 1965 3 4  p refs Its Mathematical Note No. 
41  3 
( D I - 82 -0443) 
Values of the coefficients J,, and Jli of the expansion into 
spherical harmonics of the surface of the Moon as this is pre- 
sented by the Selenodetic Control System of the Aeronautical 
Chart and Information Center. (ACIC). of the U. S. Air Force. 
arederived. Data for the Marginal Zone are taken from the maps 
of Watts and Hayn and the measurements of Davidson and 
Brooks. It is found that the present values are in good agree- 
ment wi th those derived on the basis of the same data derived 
by Schrutka-Rechtenstamm and the Army Map Service. The 
ACIC Control System approximates best the figure of the Moon 
as this is derived from the study of its physical liberation on the 
assumption of homoge,ieity. Author 
(NASA-CR-67718: JPL-TR-32-786) CFSTl: HC $1 .OO/MF 
THE SELENODETIC CONTROL SYSTEM OF THE AERO- 
13 
N66-10482# Grumman Aircraft Engineering Corp.. Bethpage, 
N. Y. Research Dept. 
SEARCH FOR A LUNAR SURFACE MODEL. VOLUME I I :  
POLA RIM ETRY 
W. G. Egan May 1965 2 8  p refs 
(RM-276) 
In  this memorandum. i t  is indicated that the observed 
polarization of the electromagnetic radiation (in the range 
from 0.36 to 1 micron) reflected by the lunar surface yields 
information from which may be inferred the properties of the 
layer of the material on the moon that interacts wi th this radi- 
ation. Reported are some initial results of polarimetry work. 
A large scale photometer previously used for photometry was 
modified to permit precision measurements of per cent polari- 
zation and position of the plane of polarization. Supplementing 
these measurements, a theoretical program has been initiated 
utilizing a multiple scattering approach based on detailed mate- 
rial properties. Also. a program has been started to provide 
detailed specification of materials studied, and the experimental 
apparatus employed. Author 
N66-10609'# Stanford Univ.. California. Radioscience Lab 
RESEARCH AT THE STANFORD CENTER FOR RADAR 
ASTRONOMY Semiannual Report No. 5 , l  Jan.-30 Jun. 1965 
V. R. Eshleman Jul. 1965 11 p refs 
(Grant NsG-377) 
(NASA-CR-67794) CFSTI: HC $l.OO/MF $0.50 CSCLO3B 
Radar astronomy research is presented on cislunar gas 
studies, planetary atmospheres and ionospheres, detection of 
interplanetary shock waves. solar radar studies, and polari- 
zation of decametric radiation from Jupiter. R.N.A. 
N66-10703'# Northrop Space Labs.. Huntsville. Ala. 
LUNAR DUST/DEBRIS HAZARDS ASSOCIATED WITH THE 
MANNED FLYING SYSTEM 
R .  L. Stark. F. 6.  Tatom. L M .  Bhalla. and H. W Hsu Huntsville, 
Ala.. NASA. Marshall Space Flight Center, Oct. 1965 34  p refs 
(Contract NAS8-20082) 
(NASA-CR-61106) CFSTI. HC $2.00/MF $0.50 CSCL 22A 
The results are presented of a preliminary investigation 
todetermine the nature of potential hazards associated with the 
impingement of the exhaust gases of the Manned Flying Sys- 
tem (MFS) on a dust- and/or debris-covered lunar surface An 
engineering model is established based on the results of preced- 
ing investigations. The behavior of individual particles of dust, 
set in motion by jet impingement. is predicted. The results 
indicate that there i s  a possibility of dust/debris directly striking 
the MFS only a t  very low altitudes (less than six feet) wi th im- 
pingement craters of small radii (less than 4.5 feet). The dis- 
tance out to which particles are thrown is considerable. however, 
ranging as high as 1200 miles. and the possibility does exist 
that particles may strike personnel or equipment on the lunar 
surface in the vicinity of the landing site of the MFS. The pos- 
sibility also exists that. during the descent or ascent of the 
MFS in the proximity of sheer. vertical surfaces. projected 
particles may ricochet off such surfaces and then strike the MFS. 
Author 
N66-10996 
Mass. 
THE LUNAR ENVIRONMENT 
JohnW. Salisbury. Donald H. Eckhard. and Mahlon S. Hunt /n i ts  
Handbook of Geophys. and Space Environment 1965 16  p 
refs (See N66-10976 02-13) 
A detailed discussion is presented on various aspects of  the 
lunar environment. Included are examinations of the lunar 
atmosphere. thermal environment. magnetic field. composition. 
surface and subsurface structure. resources. motion. gravity 
field, and suggested values of lunar constants. R.N.A. 
Air Force Cambridge Research Labs., Bedford, 
N66-11771*# Cornell Univ., Ithaca, N. Y. Center for Ra&o- 
physics and Space Research. 
OPTICAL PROPERTIES OF THE MOON'S SURFACE 
Bruce W. Hapke Jun. 1965 3 4  p Presented at the Conf. on the 
Nature of the Surface of the Moon, Goddard Space Flight Center, 
Greenbelt. Md., Apr. 1965 
(Grant NsG-382) 
(NASA-CR-67973: CRSR-198) CFSTI: HC $2.00/MF $0.50 
CSCL 0 3 6  
A discussion is given of the optical properties of the moon's 
surface. and what can be deduced concerning the outermost 
millimeter or so of the lunar surface when these properties are 
combined with appropriate laboratorv studies. Such parameters 
as brightness. color, radiation, and composition are considered. 
Strong indications are that the surface is covered with a layer 
of fine dust of unknown thickness. Tentative indications are 
that the differences in the photometric properties of the light 
and dark areas are at least partly due to  real differences in the 
composition. and not just t o  differences in exposure age. Photo- 
metric characteristics are given in graphical form, and include 
normal albedo, backscatter ratio. polarization, color. and 
brightness. C.T.C. 
N66-11876*# Grumman Aircraft Engineering Corp.. Bethpage. 
N. Y. Research Dept. 
PHOTOMETRIC MEASUREMENTS OF SIMULATED LUNAR 
SURFACES 
J. D. Halajian Jul. 1965 1 8 0 p  refs 
(Contract NAS9-3182) 
CSCL 22A 
The primary purpose of these investigations is to infer cer- 
tain physical properties of the lunar surface from terrestrial speci- 
mens that reproduce the lunation curves of the moon at rep- 
resentative longitudes. An improved photometer capable of ex- 
amining 3-inch diameter areas at all phase angles. including 
0". has been developed and used to  measure the brightness 
versus phase relationship of  "natural." "artificial." and 
"controlled" models. Good photometric agreement w i th  the 
moon at 0". 30" and 60" longitudes is obtained w i th  "natural" 
specimens including fine dust, coarse volcanic cinders. furnace 
slags. sea corals, metallic meteorites. etc. Contrived models con- 
firm the importance of low albedo and high porosity as key 
photometric properties and suggest that the surface of the 
moon is nearly uniformly covered with an "underdense" micro- 
porous material having innumerable, random, sharp edges and 
overhanging members. Author 
(NASA-CR-65169; RE-219) CFSTI: HC $5.00/MF $1.00 
N66-12060# Manchester Coll. of Science and Technology 
(England). Physics Oept. 
LABORATORY SIMULATION OF LUNAR LUMINESCENCE 
Annual Summary Report No. 1 
J. E. Geake Apr. 1965 11 p refs 
(Contract AF 61(052)-798) 
(AFC R L-65-656: AD-620507) 
The luminescence of possible lunar surface materials. in- 
cluding a range of different types of meteorite, is investigated. 
A beam of protons is used to  excite luminescence. The lumi- 
nescence spectrum is analyzed by means of a photoelectric 
grating spectrophotometer. TAB 
N66-13364*# Arizona Univ.. Tucson. 
COMMUNICATIONS OF THE LUNAR AND PLANETARY 
LABORATORY. VOLUME 3. NUMBER 50 
D. W. G. Arthur et al 1965 163 p refs 
(Grant NsG-161) 
(NASA-CR-68590) CFSTI: HC $5.00/MF $1.00 CSCL 038 
14 
. 
N66- 14968 
. The designation. diameter, position, central peak informa- 
tion. and state of completeness are listed for each discernible 
crater with a diameter exceeding 3.5 km in the third lunar quad- 
rant. The catalog contains about 5200 items and is illustrated 
by a map in 11 sections. Author 
N66-14001'# Minnesota Univ., Minneapolis. Dept. of Elec- 
trical Engineering. 
REPORT OF AUGUST 1965 TYCHO MEETING 
[19651 448 p refs Meeting held in Boulder, Colo.. Aug. 1965 
(Contract NSR-24-005-047) 
CSCL 22A 
The results of the TYCHO Study Group conference on the 
lunar surface are reported and include its conclusions and 
recommendations. aspects and comments on present knowledge 
of the lunar surface. a summary of lunar surface research con- 
tributions, and the background of the TYCHO Study Group. The 
appendices contain the research contributions which include 
papers on lunar internal temperatures, lunar surface erosion 
by meteor impact, lunar radar studies. lunar volcanism. photog- 
raphy on the moon's surface. dust levitation on  the lunar surface, 
the potential and electric field at the lunar surface. interpreting 
brightness and polarization curves of the moon. electromagnetic 
and thermal properties of the moon's surface, evidence for a 
particulate matter in space and its potential accretion rate by 
the moon and Earth, mechanisms for lunar luminescence. struc- 
ture of the lunar dust layer, and some considerations concern- 
ing radar returns from the lunar limb. R.N.A. 
(NASA-CR-68896: TG-1) CFSTI: HC $7.48/MF $2.25 
N66-14322# Manchester Univ (England) Dept of Astronomy 
ATIVE HEIGHTS OF PHYSIOGRAPHIC FEATURES OF 
THE MOON Final Report 
G A M i i ~ s  ZYJan 1965 l i p  re i  
(Contract AF-61(052)-524) 
(AFCRL-65-431. AD-623669) CFSTI HC $1 OO/MF $0 50 
The relative merits of t w o  alternative methods for determin- 
ing the shape of the Moon are considered It is concluded that 
the terminator method is inferior to the libration method because 
of the law of reflection of light from the surface of the Moon IS 
not well known and cannot be ignored Author (TAB) 
RESEARCH INTO METHODS OF DETERMINING THE REL- 
N66-146SO# Boeing Scientific Labs., Seattle. Wash. Mathe- 
matics Research Lab. 
THE NATURE OF SECONDARY CRATERS PHOTOGRAPHED 
BY RANGER VI1 Mathematics Note No. 430 
Zdenek Kopal Sep. 1965 4 2  p refs 
(Dl-82-0475: AD-623299) CFSTI: HC $2.00/MF $0.50 
A mathematical theory of the ejection of secondary frag- 
ments from the focus of primary impacts on the Moon has been 
developed for the case of  a spherical bounding surface. An 
application of the results to  the frequency-distribution of the 
secondary lunar craters in the region of Mare Cognitum, as de- 
terminedfrom photographs secured by Ranger VI1 in July 1964. 
leads t o  a conclusion that the sum total of the mass required to 
produce-all observed craters or crater-like formation in Mare 
Cognitum overlying Tycho's rays by secondary impacts of 
particles ejected from Tycho would-if spread evenly over the 
surface-cover the ground by a layer of debris about half a metre 
in thickness at .the distance of lo00 km from the focus of ejec- 
tion: and the volume of the material thus splashed out all over 
the Moon would exceed the volume excavated by the primary 
impact at least ten to  twenty times. On the strength of this 
evidence a hypothesis is advanced that a large fraction of de- 
pressions, smaller than l k m  in size, counted as craters due to 
secondary impacts. are in reality subsidence formations. POS- 
sibly triggered by 'moonquakes' which must occur in the wake 
of all major primary impacts on the Moon. Author (TAB) 
N66-1- Air Force Cambridge Research Labs.. Bedford, 
Mass. Lunar-Planetary Research Branch. 
STRUCTURES INSIDE A LUNAR CRATER PHOTOGRAPHED 
BY RANGER VI1 
Verrt G. Smalley and Luciano B. Ronca Nov. 1965 19 p refs 
Frame number 199 of  Ranger Vll's camera A reveals three 
structures in a 235 meter diameter crater. The three features 
were analyzed in three different ways, using three-dimensional 
clay models. tonal contour maps. and over-exposed-underdevel- 
oped prints. The conclusion that the structures are the result 
of  an impact appeared unlikely due to  the presence of  steep 
walled structures and topographic lows. The endogenous theory 
i s  favored and it is suggested that mechanisms such as rootless 
volcanic activity, real volcanic activity. or venting volatiles are 
responsible for this feature. E.E.B. 
N66-14959*# Arizona Univ.. Tucson. 
COMMUNICATIONS OF THE LUNAR AND PLANETARY 
LABORATORY, VOLUME 3, NO. 41-49 
1965 77 p refs 
(Grants NsG-161: NsG-487) 
(NASA-CR-69204) CFSTI: HC $3.00/MF $0.75 CSCL 03A 
Research activities pertaining to lunar and planetary sci- 
ences are reported. The period of revolution of Miranda. a 
satellite of the planet Uranus, was reevaluated from plate meas- 
urements obtained by an 82-inch reflector telescope: the orbit 
ofcomet 1947 VI (Wirtanen) was calculated t o  be elliptical on 
the basis of  an improved least squares adjustment of the ele- 
ments: preliminary drawings of lunar l imb areas are depicted: 
and photographs of volcanic sublimates on earth wi th relevance 
to  the lunar surface, are presented. I n  addition. numerical calcu- 
lations for a wide angle filter lens were made: and experimental 
investigations on electrostatic filter lenses w i th  wide image 
angles were made. Also discussed are the transmittances 
nf gnma np?ical materials fnr use between 1900 A and 3400 A .  
The geographic coordinates of an observatory station were 
determined. LS. 
N88-14962'# Ohio State Univ. Research Foundation. Colum- 
bus. Antenna Lab. 
MATION EMPLOYING POLARIZED RADAR WAVES 
Donald E. Barrick 1 5  Aug. 1965 62  p refs Its Rept.-1388-17 
(Contract NsG-213) 
TWO EXPERIMENTS YIELDING LUNAR SURFACE INFOR- 
(NASA-CR-69202) CFSTI: HC $3.00/MF $0.75 CSCL 03A 
Twoexperimentsare discussed which permit the determina- 
tionof the local statistical backscattering properties of  the lunar 
surface or the surface of another planet.The first experiment em- 
ploys the return from a range ring of the moon. Le.. the fact 
that a transmitted radar pulse of the proper length illuminates 
only a certain well-defined annular portion of the lunar surface 
at a time. The second experiment makes use of the doppler 
spreading of a discrete CW incident wave upon the lunar surface 
which is moving (rotating and translating) in a predetermined 
manner. The value in obtaining these local statistical back- 
scattering properties is that they can be compared directly t o  
similar properties of a variety of surface samples from the 
earth. From this comparison one can learn more about lunar 
surface composition, roughness, and average dimensions of 
surface features without having t o  rely upon the assumption of 
a certain model or theory of scattering in the formulation 
of the problem. Author 
N66-14968*# Douglas Aircraft Co.. Inc.. Santa Monica, Calif. 
Missile and Space Systems Div. 
STUDY OF THE FEASIBILITY OF AN EARLY LUNAR FLARE 
F iM l  Report 
15 
N66-15055 
Jul. 1964 139 p 
(Contract NAS7-281) 
CSCL 22A 
Static and dynamic compatibility. mixture-ratio combustion, 
air combustion. impact, and spectroscopic tests were con- 
ducted on candidate materials for establishing the technical 
feasibility of using a high-temperature chemical flare con- 
cept for determining the approximate chemical and physical 
characteristics of simulated lunar surface materials. The com- 
bustion test results indicate that a slightly aluminum-rich mix- 
ture-ratio gives the best performance. and when extrapolated to 
lunar flare size. should give a light yield adequate for observa- 
tion from earth. Soil penetration tests together wi th spectro- 
scopic tests confirm the fact that light yield decreases with an 
increase of depth showing the importance of having a low 
area-density flare to minimize this effect. Results obtained in 
light gas gun impact tests indicate that flare initiation does 
occur when impacting a hard or soft target at lunar impact 
speeds. Other analyses of test results are also made, and recom- 
(NASA-CR-69194; SM-47954) CFSTI: HC $4.00/MF $1.00 
mendations are given. L.S. 
N66-15055*# National Aeronautics and Space Administration. 
Langley Research Center, Langley Station. Va. 
A STUDY OF LUNAR LANDING SITES AND ASSOCIATED 
STAY TIMES 
Laurence W. Enderson, Jr. Washington. NASA. May 1965 
38  p refs 
(NASA-TN-D-2795) CFSTI: HC $2.00/MF $0.50 CSCL 22A 
A study utilizing the results of a patched conic approxima- 
tion was conducted to determine the possible landing sites and 
associated stay times on the lunar surface that are compatible 
w i th  the lunar-orbit-rendezvous technique. Particular em - 
phasis is placed on  landing sites that allow a return to the es- 
tablished lunar orbit at all times during the exploration period. 
Three different landing and take-off maneuvers are considered 
as well as the effect of variations of the energy and inclination 
of the earth-to-moon transfer trajectory. Consideration is 
given to maneuvers that permit the most flexibility in selection 
of landing sites as well as maneuvers that allow the longest 
stay t ime on the lunar surface for a given total plane-change 
capability. The results of this study indicate that the landing 
sites and associated stay times are strongly dependent on the 
inclination of the established lunar orbit as well as the specific 
landing and take-off maneuvers that are employed. I f  the 
inclination of the established lunar orbit is constrained to equal 
the sum of the landing-site latitude @ and the plane-change 
capability 6. much versatility exists in the selection of pos- 
sible landing sites on the lunar surface and in the corresponding 
stay times. Employment of a plane-change capability during 
the take-off maneuver allows extended exploration periods 
and provides an inherent safety factor for the mission. Author 
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IAA ENTRIES 
A65-1sos4 # 
MAGNETIC SHIELDING O F  THE LUNAR SURFACE FROM THE 
SOLAR WIND AS A FUNCTION OF LUNAR MAGNETIC MOMENT. 
L. Aronowitz and S. N. Milford (Grumman Aircraf t  Engineering 
Gorp.,  Research De@. , Bethpage. N. Y. ). 
Journal of Geophysical Research,  vol. 70, Jan. 1. 1965, p. 227-229. 
12 refs. 
Discussion of the shielding a possible lunar magnetosphere 
might provide the lunar surface f rom the so l a r  wind. Calculationa 
of the Earth's magnetosphere a r e  scaled to  determine the shielding 
effects of a lunar magnetosphere. It is found that a lunar magnetic 
moment even 1/10.000 of that of the Earth could drastically reduce 
the solar  wind's interaction with the lunar surface.  as well asi ts  
interaction with the lunar atmosphere.  P.K. 
A65-1 5096 
HOW SOON TO THE MOON? 
George E. Mueller (NASA, Office of Manued Space Flight, 
Washinaon, D. C. ). 
G N I I I K I ~ ~  Horizons. vol. 4. no. 2, 1964. p. 4-11. 
Evaluation of the Apollo program time schedule by comparison . ~- 
of its time phasing with other major research and development 
programs, with a discussion of the cost aspects of a progrun  s t re tch-  
out and the effect of the space environment on the schedule. 
considered that the progression in  the Apollo d e v e l o p e n t  c y d e  is 
phased in a logical manner without the need for  major state-of-the- 
about eight years  is  significantly greater  than that for  any comparable 
programs. 
ra ther  than decrease costs mainly because fixed operating, personnel, 
and facilities costs would increase. 
mental effects. those of meteoroids, radiation, and the lunar surface 
a r e  each examined in some detail. Results of six years of manned 
and unmanned space exploration a re  cited as  evidence that, for the 
f i r s t  two, the hazards a r e  negligible, and in some cases may have 
been overestimated. With reference to the lunar surface, such 
information a s  i s  available a t  present i s  outlined, and planned addi- 
tional unmanned exploratory flights a r e  briefly described. It is 
concluded that a 3-yr stretchout would increase costs by 15%. and 
a 6-yr stretchout by 30%. 
It is 
art t.rsLk+Arc2+s, -.' %\.=? +ALr =...e= '1 "---e aKnnr.lf,x A m l l n  r---- nf 
It is  shown that a decelerated program would increase 
In discussion of space environ- 
F. R. L. 
A65-15141 
SOURCE O F  EVOLUTION O F  GAS FROM THE LUNAR CRATER 
ALPHONSUS. 
Alvin J. Cohen (Pittsburgh. University, Dept. of Earth and 
Planetary Sciences, Pittsburgh, Pa. ). 
Nature, voL 201, Mar.  7, 1964. p. 1015, 1016. 
Note dealing with Kozyrev's observation of Swan bands being 
emitted by C2 molecules emanating f r o m  the lunar c ra t e r  Alphonsus 
on the west shore of Mare  Nibium, and his hypothesis that the gas  
periodically issuing f rom Alphonsus is a r e su l t  of volcanic eruption. 
Some observations made by the author a r e  developed into a more  
plausible mechanism than volcanic eruption for the outgassing ob- 
served. 
by Urey, in which the black a r e a s  on the c ra t e r  floor of Alphonsus 
a r e  attributed to explosion of acetylene, that could produce graphite 
and hydrogen. 
6 refs. 
The proposed mechanism is essentially one suggested 
The source of the acetylene is seen to  be a stable 
solid carbide, such as calcium carbide. v. P. 
A65-1U41 It 
ON THE CENTRAL PEAK IN LUNAR CRATERS. 
2 .  Kvlz (Prague,  Technical University. Prague, Czechoslovakia). 
Astronomical Institutes of Czechoslovakia, Bulletin, vol. 15, no. 6, 
1961. p. 227-230. 
Mathematical analysis t o  support the hypotheses of Stanjulrovi; 
and Lmk that central peaks may a r i s e  in lunar c ra t e r s  as a resul t  
of meteorite impacts. Small  openings m the peaks a r e  not seen to  
contradict the meteoric origin of the craters :  under favorable condi- 
tions, peaks with holes in their centers may form if the depth to  
which the meteorite penetrates into the surface layer  i s  small. Also 
studied is the rat io  of the penetration depth to the radius of the zone 
of vaporized mater ia l ,  a s  a function of the velocity of the meteorite. 
This  ratio is found to  be a maximum when the fall is vertical and 
the velocity exceeds the cr i t ical  velocity (3 to  5 kmlsec )  for  material 
vaporization by a factor of 4.5; low values occur a t  velocities close 
to  critical and at  large zenith distances of the meteorite path. 
(Author) W.M.R. 
A65-15637 
ORIGIN O F  THE LUNAR CRATERS. 
Brian J. Ford. 
Spaceflight, voL 7. Jan. 1965, p. 13-17. 20 refs. 
conforms to  neither the volcanic theory nor the meteorite theory. 
It is supposed thaLin the ear ly  stages of the formation of the Earth-  
Moon system. both bodies were more  closely associated in space 
and at much higher temperatures than at present. 
affairs .  it is believed, would have been ideal for  the generation of 
a large electrostatic imbalance between the Ea r th  and the  Moon and 
fo r  the subsequent t r ans fe r  of electrostatically charged particles. 
It is thought that the impact of thbse charges could produce the 
observed distribution of c ra t e r s  on the lunar surface. 
of craters  (some with central  peaks) produced in  mild s t ee l  by means 
of a spark-machining apparatus reveals s imilar i t ies  that a r e  seen 
a s  strong supporting evidence. 
of craters  in mild s teel  a r e  included. 
Presentation of a hypothesis of the origin of lunar c ra t e r s  that 
The s ta te  of 
Observation 
Ranger 7 photographs and photograph: 
D. H. 
!%S=!Se93 
NONUNIFOFLMITY IN THE PROPERTIES O F  THE TOP LAYER O F  
THE LUNAR SURFACE. 
V. S. Troitskii (Gor'kovskii Gosudarstvennyi Universitet. Radio- 
fizicheskii h s t i t u t .  Gorki, USSR). 
(Astronomicheskii Zhurnal, vol. 41, July-Aug. 1964, p. 724-732. ) 
Soviet Astronomy. vol. 8 ,  Jan. -Feb. 1965, p. 576-582. 
Translation. 
[For abstract s ee  Accession no. A64-27457 23-05] 
24 refs. 
A65-17766 
A STOCHASTIC MODEL O F  THE FORMATION AND SURVNAL OF 
LUNAR CRATERS. I - DISTRIBUTION O F  DIAMETER O F  CLEAN 
CRATERS. 
Allan Marcus (California, University, Berkeley. Calif. ). 
Icarus, voL 3, Dec. 1964. p. 460-472. 27 refs .  
NSF Grants No. GP-IO; No. GP-ll7. 
servable distribution of diameters  of lunar craters .  
portant aspects of c r a t e r  formation and destruction a r e  considered: 
(1) the stochastic mechanism underlying the birth of new c ra t e r s ,  
( 2 )  the damaging of older c ra t e r s  by new c r a t e r s  in the same loca- 
tion, and (3) the formation of secondary craters .  The model for 
primary c r a t e r s  i s  based on ten assumptions such a s  perfectly 
circular c r a t e r s ,  Poisson distribution of primary-crater  centers, 
and upper and lower l imits  to physically realizable c ra t e r  sizes. 
Other aspects of the problem that a r e  covered include: the dis-  
tribution of secondary c r a t e r s  in various regions. the observational 
identifiability of distributions, and notes on extending the model. 
D. H. 
-
Construction of a model of the phenomena underlying the ob- 
Three  im- 
A65-17769 
MORPHOLCGICAL ASPECTS OF THE LUNAR CRUST. 
S. Miyamoto (Kyoto University, Kwasan Observatory, Kyoto, 
Japan). 
Icarus. vol. 3, Dec. 1964. p. 486-490. 5 refs .  
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Analysis of morphologlcal features revealed by Ranger-7 
photographs. 
of the lunar surface features  a r e  viscosity of the original magma 
and thickness of the original crust .  
vealed by Ranger 7 suggest: (1) that the original magma in Mare 
Nubium is baslc and characterized by a r ich gas content, (2) that 
the magmaticdifferentiation took place at the time of crustal  for -  
mation, and (3)  that c r a t e r s  and other surface features  were molded 
by quiet rather than catastrophic processes. 
acter is t ics  directly corresponding to petrological propert ies  of 
magma a r e  considered in some detail for large-scale  tectonics. 
The most  important factors  for  the interpretation 
Morphological features  r e -  
Morphological cha r -  
(Author) D. H. 
A65-1 7770 
A MODEL O F  THE LUNAR SURFACE. 
Thomas Cehrels (Arizona, University, Lunar and Planetary 
Laboratory, Tucson, Ariz. ). 
Icarus,  vol. 3,  Dec. 1964, p. 491-496. 24 refs.  
Navy - supported research.  
model, which suggests that the lunar subsurface i s  smooth and 
f i rm with little or  no  dust and that i t  has  an overlying cloud of 
0. 06-mm thickness consisting of ionized accreted interplanetary 
particles spaced apart  with radii  of 0. 8 p .  The present  model of 
the top layer of the lunar surface was developed f rom interpreta-  
tions of new photopolarimetric observations by Gehrels, Coffeen, 
and Owings. Radar observations a r e  also considered. D. H. 
-
Proposal  of a working hypothesis, known a s  the "ping pong" 
A65-17942 
COEFFICIENTS O F  EMISSION IN THE INFRARED REGION O F  
THE SPECTRUM AND DIFFERENCES IN THE PARAMETER 
y I Fpc)  -'I2 FOR THE SEA AND CONTINENT REGIONS O F  
THE LUNAR SURFACE. 
M. N. Markov and V. L. Khokhlova (Academy of Sciences. 
Physics Institute and Astronomical Council, Moscow, USSR). 
(Akademiia Nauk SSSR, Doklady, vol. 157, Aug. 1, 1964, 
D. 826-829.) 
Soviet Physics - Doklady, vol. 9. Feb. 1965, p. 621-624. 9 re fs .  
Translation. 
Experimental investigation of the spectral  energy distribution 
over the sea and continent regions of the lunar surface bymeasuring 
the color temperature a s  the ratio of the emission fluxes in two 
spectral  intervals. 
at 8 to 13 p and 3.6 p a r e  used. 
the temperature of the lunar surface illuminated by the Sun i s  si t-  
uated in the shortwave section of the Planck curve. In particular,  
the radiation emission f rom the lunar surface i s  measured in two 
spectral  regions during the solar eclipse of August 7. 1963. Mea- 
surements  of the thermal  radiation from the unilluminated par t  
of the Moon are a lso conducted. 
In this connection, the atmospheric "windows" 
The second interval for determining 
J. R. 
A65-18967 
PHYSICS O F  THE MOON AND PLANETS [FIZIKA LUNY I PLANET]. 
Edited by I. K. Koval'. 
Kiev. Naukova Dumka. 1964. 140 p. In Russian. 
CONTENTS: 
[MNOCOTSVETNAIA POLIARLMETRIIA NEKOTORY KH UCHASTKOV 
LUNY]. V. V. Avramchuk, p. 3-15. 16 re fs .  [See A65-18968 09-30] 
FACE 
NOSTI]. M. N. Mironova, p. 16-29. 9 refs. [SeeA65-18969 09-30] 
SPECTRAL INVESTIGATIONS O F  THE LUNAR SURFACE 
[SPEKTRAL'NYE ISSLEDOVANIIA LUNNOI POVERKHNOSTI]. 
A. N. Sergeeva, p. 30-45. [See A65-18970 09-30] 
AND SURFACE O F  MARS [ K IZUCHENIN OPTICHESKIKH 
SVOISTV ATMOSFERY I POVERKHNOSTI MARSA]. 
p. 46-53. 12 refs. [See A65-18971 09-30] 
POLYCHROMATIC POLARIMETRY O F  SOME LUNAR AREAS 
SPECTROPHOTOMETRY O F  DETAILS ON THE LUNAR SUR- 
[SPEKTROFOTOMETRIIA OB' EKTOV LUNNOI POVERKH- 
STUDY OF OPTICAL PROPERTIES O F  THE ATMOSPHERE 
I. K. Koval' , 
BRIGHTNESS DISTRIBUTION IN THE MARGINAL ZONE O F  
MARS [RASPREDELENIE IARKOSTI V KRAEVOI ZONE MARSA]. 
L. A. Bugaenko, 0. I. Bugaenko, I. K. Koval, and A. V. 
Morozhenko, p. 54-57. [See A65-18972 09-30] 
RESULTS OF POLARIMETRIC OBSERVATIONS O F  MARS 
FROM 1962 TO 1963 [REZUL' TATY POLIARIMETRICHESKIKH 
NABLIUDENII MARSA V 1962-1963 GC]. 
p. 58-80. 19 refs. [See A65-18973 09-30] 
METHOD AND RESULTS O F  DETERMINATION O F  OPTICAL 
PARAMETERS O F  THE MARTLAN ATMOSPHERE AND SURFACE 
[METODIKA I RESUL' TATY OPREDELENIIA OPTICHESKIKH 
PARAMETROV ATMOSFERY I POVERKHNOSTI MARSA]. 
A. V. Morozhenko and E. C. Ianovitskii, p. 81-91. 20 refs.  
[See A65-18974 09-30] 
REFLECTION AND TRANSMISSION OF LIGHT BY ATMOSPHERES 
O F  PLANETS FOR AN ARBITRARY DISPERSION COEFFICIENT 
[PRIBLIZHENNOE RESHENIE ZADACHI 0 DIFFUZNOM OTRAZHE- 
NII I PROPUSKANII SVETA ATMOSFERAMI PLANET PRI 
PROIZVOL'NOI INDIKATRISE RASSELANIIA]. 
p. 92-110. 20 refs. [See A65-18975 09-30] 
A. V. Morozhenko. 
APPROXIMATE SOLUTION O F  THE PROBLEM O F  DIFFUSE 
E .  G. Ianovitskil, 
AUTOMATIC POLARIMETER OF THE MAIN ASTRONOMICAL 
OBSERVATORY O F  THE ACADEMY O F  SCIENCES OF THE 
U KRAINLAN SSR [AVTOMATICHESKII ELEKTROPOLIARLMETR 
GAO AN USSR]. 0. I. Bugaenko, p. 111-125. 5 re fs .  [See 
A65-18976 09-14] 
A. A. Demenko. p. 126-138. 70 refs.  [ S e e  A65-18977 09-30] 
TYPES O F  COMET TAILS [TIPY KOMETNYKH KHVOSTOV]. 
A65-18968 # 
POLYCHROMATIC POLARIMETRY O F  SOME LUNAR AREAS 
[MNOGOTSVETNAIA POLIARIMETRIIA NEKOTORYKH UCHASTKOV 
LUNY]. 
V. V. Avramchuk. 
IN: 
PLANET]. 
Edited by I. K.  Koval'. 
Kiev, Naukova Dumka, 1964, p. 3-15. 16 refs.  In Russian. 
interpreted by Rosenberg. A presumptlon 1s advanced that, for the 
lunar case,  the dependence of polarization on the wavelength 1s due 
to some effect other than Umov's. 
tion measurements  in eight cross sections of the spectrum ranging 
from 3 5 5  to 600  m u  a r e  presented. 
phase of t 12O to 13' the polarlzatlon of the a r e a s  considered In- 
c r e a s e s  toward the red par t  of the spectrum. 
the degree of polarlzatlon i s  an almost monotonlcally varying func- 
tion of the wavelength, whlch increases  Intensely in the UV Ilght. 
A relatlonshlp IS established between the maximum degree of 
polarlzatlon and albedo in narrow fractions of the spectrum. 
PHYSICS O F  THE MOON AND PLANETS [ F I Z I K A  LUNY 1 
Brief  discussion of the physical meanlng of Umov's effect a s  
The resul ts  of polarlza- 
It i s  shown that in t hecase  of a 
For  other phases 
J. R. 
A65-18969 * 
SPECTROPHOTOMETRY O F  DETAILS ON THE LUNAR SURFACE 
[SPEKTROFOTOMETRIIA OB' EKTOV LUNNOI POVERKHNOSTI]. 
M. N. Mironova. 
IN: PHYSICS O F  THE MOON AND PLANETS [FIZIKA LUNY I 
PLANET]. 
Edited by I. K. Koval' . 
Kiev, Naukova Dumka, 1964, p. 16-29. 9 refs.  In Russlan. 
ments  of selected detalls  on the lunar surface,  obtained wlth a 
spectrograph in comblnation wlth a reflector (D = 70 cm). 
shown that curves  of spectral  coefftclents obtained for  various 
lunar details  a r e  s imllar  to those for basalt ic tuff. 
properties of c r a t e r  detalls  (floor,  central  peak, and walls)  a r e  
shown to d i f fe r  slightly. The greatest  dlfference 1s observed be -  
tween the central  peak and the floor of the Alphonsus c ra t e r .  
the Aris tarchus c ra t e r ,  a r l s e  in radiation intensity in the wave- 
length regions of 
by the luminescence of rocks covering the c ra t e r  floor and the 
walls. J. R. 
Presentation of the resul ts  of spectrophotometrlc measu re -  
It  IS 
The reflecting 
F o r  
= 425 and 505 m p  i s  found, which is explained 
18 
A65-20090 
A65-18970 E 
SPECTRAL INVESTIGATIONS OF THE LUNAR SURFACE 
[SPEKTRAL'NYE ISSLEDOVANIIA LUNNOI POVERKHNOSTI]. 
A. N. Sergeeva. 
I N  PHYSICS OF THE MOON AND PLANETS [FIZUtA LUNY I 
PLANET]. 
Edited by I. K. Koval' . 
Kiev, Naukova Dumka, 1964, p. 30-45. In Russian. 
the period of 1958 to 1960. 
ferences in color in relation to a selected region in the Mare  
Serenitatis a r e  detected. It i s  concluded that brightness distribu- 
tion in the spectra of the details investigated differs f rom that of 
the spectrum of the reference region by l e s s  than 10%. F o r  some 
details in the red par t  of the spectrum, these relative deviations 
a r e  a s  high as 15 to 18%. The mean square e r r o r  of the observa-  
tions is  30%, the e r r o r  being greater in the red region of the spec- 
t rum due to low dispersion. Due to the relatively low values of 
deviations, it i s  concluded that the r e a l  color contrast of lunar 
details is too small  to be detected with any confidence by spectro- 
photometric techniques. J. R. 
Analysis of 56 spectrograms of the lunar surface obtained in 
F o r  200 different lunar details dif-  
A65-19102 * 
BEARING CAPACITY O F  THE LUNAR SOIL. 
J. D. Nelson and E. Vey (Illinois Institute of Technology, Research 
Institute, ChicaRo. Ill. ). 
American Society of Mechanical Engineers, Wmter Annual Meeting, 
New York, N. Y.,  Nov. 29-Dec. 4, 1964, Paper  64 - WA/AV-13. 
8 P- 
Members, $0.50; nonmembers. $1.00. 
Research supported by the Bendix Systems Div. 
capacity of simulated lunar soil. 
A -.--- :--A _^_._ 11.. I^_ L-..-:-" .,..A- ..A .,^..^t..,,,.._lD-~ 
I C L C  Y C I C . A I . l . l r . 2  CAyC'- . 'C. .C~ALy ..,. y-.." 1.1 .- 
having various cone angles and ra tes  of penetration. Relationships 
between the two were studied under atmospheric conditions and 
vacuum levels up to 1 x tor r .  On the basis of the limited data 
which can be derived from laboratory duplication of lunar environ- 
ment, the authors conclude that a fine-grained lunar soil  Will ex- 
hibit a substantially grea te r  shear strength than it would under t e r -  
res t r ia l  environmental conditions, resulting in a relatively higher 
bearing capacity. 
cipally a resu l t  of an increase  in the apparent cohesion, it i s  ex- 
pected that the lower bound of the bearing capacity when computed 
f rom penetrometer measurements  made in situ will be close to the 
actual value. D. M. 
A study of the effects of the lunar environment on the bearing 
Load-penetration relationships 
Since this increase in shear strength is prin- 
A65-20067 f 
COLOR EXCESSES AND INDICES OF CERTAIN CRATERS OF THE 
MOON ACCORDING TO ELECTROPHOTOMETRIC MEASURE- 
KRATEROV LUNY PO ELEKTROFOTOMETRICHESKIM IZME- 
RENIIAM]. 
K. I. Kozlova and Iu. V. Glagolevskii. 
IN: OBSERVATIONS OF THE MOON, M A R S ,  URANUS, AND THE 
LUNY, MARSA, URANA I ZVEZD - OPTICHESKIE SVOISTVA 
RASTENII]. 
(AKADEMIIA NAUK KAZAKHSKOI SSR, SEKTOR ASTROBOTANW, 
TRUDY. VOLUME 8 . )  
Edited by G. A. Tikhov. 
Alma-Ata, Izdatel 'stvo Akademii Nauk Kazakhskoi SSR, 1960, 
p. 125-129. 5 refs.  In Russian. 
The 
c r a t e r  Manilius served as reference region. 
and the procedure followed a r e  described briefly. The color 
excesses  and color indices of the c ra te rs  a r e  determined from 
formulas  given i n  the art icle.  
differences in the color of the c ra te rs  studied, that the normal  
photoelectric color indices of the c r a t e r s  vary from +0.m717 to 
t0 .m890,  and that the mean color index of 14 c r a t e r s  with respect 
to Manilius amounts to t0.m830. 
MENTS [IZBY TKI I POKAZATELI TSVETA NESKOL'KLKH 
STARS - OPTICAL PROPERTIES OF PLANTS [NABLIUDENIIA 
Description of observations of c r a t e r s  of the Moon. 
The instruments used 
It is concluded that there a r e  slight 
A.B.K. 
A65-20088 # 
SPECTROPHOTOMETRY O F  THE SURFACE OF THE MOON. II - 
CATALOG O F  COLOR INDICES O F  LUNAR OBJECTS [SPEKTRO- 
FOTOMETRIIA POVERKHNOSTI LUNY. 
ZATELEI TSVETA LUNNYKH OB'EKTOV]. 
V. G. Teifel'. 
IN: OBSERVATIONS OF THE MOON, MARS, URANUS, AND THE 
STARS - OPTICAL PROPERTIES OF PLANTS [NABLIUDENIlA 
LUNY I MARSA, URANA I ZVEZD - OPTICHESKIE SVOISTVA 
RASTENII]. 
(AKADEMILA NAUK KAZAKHSKOI SSR, SEKTOR ASTROBOTANIKI, 
TRUDY. VOLUME 6 . )  
Edited by G. A. Tikhov. 
Alma-Ata .  Izdatel'stvo Akademii Nauk Kazakhskoi SSR, 1960, 
p. 130-151. 16 refs.  In Russian. 
indices of 262 small  a r e a s  of the lunar surface. 
making observations and processing data i s  described in some 
detail. 
discussed. It is concluded that small  details of the surface of the 
Moon do not reveal color differences substantially greater than 
those observed in fairly extensive lunar objects. Color contrasts 
on the lunar surface a r e  sa id  tb be small  and to give differences 
not exceeding 0.m21 for normal color indices. The normal  color 
indices of lunar objects a r e  said to l ie between the limits t0.m76 
and t0.m97. 
of details of the lunar surface noted by many investigators is said 
to be confirmed. 
II - KATALOC POKA- 
Description of the method and results of determining the color 
The procedure for 
A catalog of color indices of lunar objects is presented and 
The interdependence between the color and brightness 
A. B. K. 
A6CZOOI9 f 
SPECTROPHOTOMETRY OF THE SURFACE OF THE MOON. 
DIFFERENCES I N  THE SPECTRAL PROPERTIES OF LUNAR 
III - RAZLICHIIA SPEKTRAL'NYKH SVOISTV LUNNYKH OBRA- 
V. G. Teifel'. 
IN: OBSERVATIONS OF THE MOON, MARS, URANUS. AND THE 
STARS - OPTICAL PROPERTIES OF PLANTS [NABLIUDENIIA 
LUNY, MARSA, URANA I ZVEZD - OPTICHESKIE SVOISTVA 
RASTENII]. 
(AKADEMIIA NAUK KAZAKHSKOI SSR. SEKTOR ASTROBOTANW. 
TRUDY. VOLUME 8.) 
Edited by G. A. Tikhov. 
Alma-Ata, Izdatel'stvo Akademii Nauk Kazakhskoi SSR, 1960, 
p. 152-164. 6 refs.  In Russian. 
Analysis of spectrograms of 90 a r e a s  of the lunar surface.  
The main conclusionpf the spectrophotometric and spectrocolori- 
metric investigations of the lunar surface car r ied  out by the author 
is that color contrasts of the outer cover of the Moon a r e  very 
slight, although they can be detected by repeated measurements of 
the color of each individual object. Spectral differences between 
lunar objects a r e  said to be no more  noticeable than colorimetric 
differences and to manifest themselves only in the form of slight 
changes in the slope of the spectral  curves. 
III - 
FORMATIONS [SPEKTROFOTOMETRU POVERKHNOSTI LUNY. 
ZOVANII]. 
A.B.K. 
A65-20090 f 
CERTAIN CONSIDERATIONS ON THE STATE OF THE LUNAR 
SURFACE [NEKOTORYE SOOBRAZHENIIA 0 SOSTOIANII LUNNOI 
POVERKHNOSTI]. 
V. G. Teifel'. 
IN: OBSERVATIONS OF THE MOON, M A R S ,  URANUS, AND THE 
LUNY, MARSA, URANA I ZVEZD - OPTICHESKIE SVOISTVA 
RASTENII]. 
(AKADEMIIA NAUK KAZAKHSKOI SSR, SEKTOR ASTROBOTANIKI, 
TRUDY. VOLUME 8.)  
Edited by G. A. Tikhov. 
Alma-Ata, Izdatel'stvo Akademii Nauk Kazakhskoi SSR, 1960, 
p. 165-170. 9 refs.  In Russian. 
of the lunar surface. 
spots and bands on the present surface of the lunar seas  is proposed. 
An attempt is  made to determine whether the observed optical 
properties of the lunar surface a r e  the result of a processing of 
STARS - OPTICAL PROPERTIES OF PLANTS [NABLIUDENIIA 
Discussion of the color-brightness dependence of certain a r e a s  
A theory concerning the formation of bright 
A65-20656 
terrestrial-type rocks. under the action of exogenic factors.  It is 
concluded that while lunar rocks of the early period of the history 
of the Moon may have been similar in optical properties to 
te r res t r ia l  acid and basic magmatic rocks. they were f i r s t  subjected 
to the action of endogenic processes.  and it was only later that they 
were affected by meteorites and other exogenic processes.  
A.B.K. 
mining and extracting processes,  and with the problems of the 
utilization of these resources on the lunar base. 
placed on the readily usable (or processable) life-support and pro-  
pellant substances that may be found on o r  near  planetary o r  lunar 
surfaces.  
sources may be found, but to the question of their form,  mode of 
occurrences,  discovery and evaluation, and recovery and process-  
ing . M.M. 
Emphasis is  
Attention is given not only to the question of what r e -  
A65-20656 # 
PHOTOMETRIC INVESTIGATION O F  THE POSSIBLE PRESENCE 
ON THE MOON O F  AN OUTER LAYER OF VOLCANIC ORIGIN 
NA LUNE POKROVOV VULLQJICHESKOGO PROZSKHOZHDENIIA]. 
V. V. Sharonov (Leningradskii Gosudarstvennyi Universitet. Astro- 
nomicheskaia Obse rvatoriia, Leningrad, USSR). 
Astronomicheskii Zhurnal, vol. 42, Jan. -Feb. 1965, p. 136-144. 
16 refs. In Russian. 
Study of the dark top blanket of soil in the vicinity of active 
t e r r e s t r i a l  volcanoes in an effort to find an approximate equivalent 
of the lunar surface. The mean albedo of the Moon (0.09) i s  much 
lower than that of ordinary igneous or sedimentary rocks. The 
photometric data were obtained by expeditions to the Kamchatka 
Peninsula and to Simushir Island. 
color characteristics, volcanic sands, slags, and lapilli a r e  indeed 
similar to some details on the Moon, as  confirmed by spectrophoto- 
metric data. However, the reflection characterist ic (solid-angle 
wavelength distribution of the reflected light) i s  symmetr ical  about 
the origin. and, therefore,  volcanic ash  cannot be abundant on the 
lunar surface. Although fields of lapilli (and, especially, coarse 
lava flows that a r e  covered by a crust  of porous slag) exhibit the 
same elongation of the reflection characterist ic in the direction of 
the light source a s  does the Moon, albeit to a lesser  degree, the 
welght of evidence from thermoelectric, radio-astronomical, and 
radar observations and the photometric uniformity of the lunar s u r -  
face a r e  seen to favor the hypothesis that exogenic factors operative 
over the whole satellite - e.g., meteoric bombardment - a r e  r e -  
sponsible for the observed features of the Moon. 
[FOTOMETRICHESKOE ISSLEDOVANIE VOPROSA o NALICW 
It was found that in albedo and 
(Author) W . M. R. 
A65-22450 # 
A NOTE ON "THE ANALYSIS OF RADAR ECHOES FROM THE 
MOON. (I 
D. G. Rea, N. Hetherington, and R .  Mifflin (California, Univeraity. 
Space Sciences Laboratory, Berkeley, Calif. ). 
Journal of Geophysical Research,  "01. 70, ~ a ~ .  15. 1965, 
p. 1565. 
Grant No. NsG 101-61. 
Extension of ear l ie r  work in which a geometric-optics model 
(rather than a physical-optics model) was used to interpret  the 68-cm 
radar  echoes f rom the Moon. 
slope, average normal ,  and r m s  normal ,  found by using the geomet- 
ric-optics model, a r e  somewhat higher than values of these rough- 
ness parameters  determined by the physical-optics approach. 
was felt that the difference could be attributed to one of three causes: 
(1) different data due to different orientations of the Moon during 
the radar  studies. (2) differences in the manner of subtracting the 
"diffuse" component to leave only the "quasi-specular" component, 
o r  (3) a fundamental shortcoming of the geometric-optics model in 
which diffraction i s  ignored. 
that the definition used f o r  the surface averages differs f r o m  that 
used by previous workers  in that these workers  used a probability 
referred to the mean sur face  
Use of the mean-surface probability substantially reduces the values 
obtained for  Cases 1 and 2 ;  - e . g . ,  the average slope for  Case 1 
was reduced f r o m  21° to 15O. However, since Cases 3 and 4 a r e  
only slightly affected and since i t  was argued that something between 
Case 3 and Case 4 was most  probable, the essence of the conclusions 
derived f r o m  the geometric-optics model remains unchanged. 
Values of the average slope, r m s  
It 
It has been pointed out by Hagfors 
rather than to the actual surface.  
I 
AH-21166 # 
D. H. 
SIMPLE TECHNIQUE O F  APPROXIMATION FOR MEASURING 
THE HEIGHT OF LUNAR MOUNTAINS [EINE N ~ E R U N G S -  
METHODE ZUR MESSUNG DER HBHEN VON MONDBERCEN MIT 
EINFACHEN MITTELN]. 
Alfred Suckow. 
Astronomie und Raumfahrt, no. 516, 1964, p. 172-177. 7 refs.  InGerman. 
observer ,  of calculating the elevation of lunar mountains. A simple 
formula i s  derived which yields reasonably accurate values. The 
equipment includes a telescope with a 50-mm objective, an 8OX 
ocular with cross ha i r s ,  a n  ordinary watch, a s t a r  calendar with 
data on lunar distances and declinations. a lunar map with seleno- 
graphic coordinates, a four-place trigonometric table, and a slide 
rule. V.Z. 
Description of a simple technique, intended for the amateur 
A65-21355 
LUNAR RESOURCES, 
John Bensko (NASA, Marshall Space Flight Center,  Research 
Pro jec ts  Laboratory, Huntsville, Ala. ) and Reynold Q. Shotts 
(Alabama, University, School of Mines. University. Ala.). 
IN: ADVANCES IN SPACE SCIENCE AND TECHNOLOGY. 
VOLUME 7. 
Edited by F. 1. Ordway, Ill. 
New York, Academic P r e s s ,  Inc. .  1965, p. 147-214. 
Introduction to the subject of the use of ex t ra te r res t r ia l  r e -  
sources.  The topics considered a re :  (1) aelenology: (2) possible 
propellant substances indigenous to the Moon; (3) modes of con- 
centration of lunar propellant substances: (4) lunar environment 
in relation to engineering operations, ( 5 )  methods of discovery and 
evaluation of deposits of lunar propellants or their components; 
(6) mineral  propellant component extraction; (7) propellant syn- 
theais and processing; and (8) propellant storage. t ransfer  and 
transportation. 
variations in geological and geochemlcal conditions of the Moon, 
with any problems which a r l se  a s  a result of the environment 
67 re fs .  
Basic considerations a r e  offered on the possible 
A65-22929 
LUNAR ENGINEERING [INAYNIERlA KSq2YCOWAI. 
Z d z i s a w  Brodzki. 
Inatytut Lotnictwa, Biuletyn Informacyjny, Apr. 12, 1965, p. 26-30. 
In Polish. 
Review of the principal lunar features deduced f rom an analysis 
of lunar probe data. Some competitive hypotheses on the formation 
of the Moon a r e  discussed, and the peculiarities of lunar nurface 
features a r e  noted. Problems associated with building on the Moon 
a r e  examined in the light of physical conditions that differ widely 
f rom those encountered on the Earth,  including shielding againet 
radiation and meteorite impact. 
that has to be considered is i l lustrated by a discussion Of a propoaed 
fixed lunar station. 
The la rge  number of parameters  
V.P. 
A65-23260 
COMMUNICATIONS O F  THE LUNAR AND PLANETARY LABORA- 
TORY. VOLUME 2 (Numbers  36-39). 
Tucson, Unlverslty of Arlzona P r e s s ,  1964. 78 p. 
CONTENTS: 
ORlENTALE AND OTHER SYSTEMS-CONCLUSIONS. 
Hartmann, p, 175-191. 28 re fs .  [See A65 23261 13-30] 
WITH THE SPECTRA O F  SELECTED TERRESTRIAL ROCKS 
AND MINERALS. Alan B. Blnder and Dale P. Cruikshank 
(Arizona. University, Tucson, Arlz. ), p. 193-196. 5 re fs .  
[See A65-23262 13-30] 
W l l l l a m  K. Hartrnann, p. 197-203. 
O F  THE MOON. Robert  G. Strom, p. 205-216. 15 re fs .  [See 
A65-23264 13-30] 
RADIAL STRUCTURES SURROUNDlNG LUNAR BASINS 11 - 
William K 
COMPARISON O F  THE INFRARED SPECTRUM O F  MARS 
ON THE DISTRIBUTION O F  LUNAR CRATER DIAMETERS. 
ANALYSIS O F  LUNAR LINEAMENTS. 
10 refs. [SeeA65-23263 13-30) 
I - TECTONIC MAPS 
20 
. 
A65-24794 
AM-23261 
RADIAL STRUCTURES SURROUNDING LUNAR BASINS. 
ORIENTALE AND OTHER SYSTEMS - CONCLUSIONS. 
William K. Hartmann. 
COMMUNICATIONS OF THE LUNAR AND PLANETARY 
LABORATDRY. VOLUME 2 (Numbers  36-39). 
Tucson, University of Arizona P r e s s ,  1964. p. 175-191. 28 refs.  
Grant  No. NsG 161-61. 
Completion of an analysis of the basins of lunar m a r i a  beg* 
by the author in 1963. 
found to he the least  developed, while those of the young basins. 
Mare  Imbrium and Mare  Orientale. a r e  the most  prominent. 
therefore hypothesized that conditions for  producing rad ia l  linea- 
ments  were optimum during the relatively short  period when the 
basins were flooded. 
with this flooding. 
pacts which were accompanied by radiating fractures.  Most linea- 
ments  a r e  interpreted as the expressions of tectonic adjustment6 
in the s t ressed  c rus t  along these f rac tures  as a result  of heating 
of the subsurface. 
motion. There i s  little evidence for  horizontal motion o r  for 
gouging of radial  valleys by flying fragments. 
cludes reviews of the nonradial grid patterns and of the small  
radial  systems around some recent craters.  (Author) D. H. 
II - 
The radial  sys tems of the oldest basinswere 
It is 
Many lineaments a r e  spatially associated 
The basins a r e  probably the si tes of grea t  im- 
Most of the adjustment appears  to be by vertical  
The discussion in- 
A65-23263 P 
ON THE DISTRIBUTION O F  LUNAR CRATER DIAMETERS. 
William K. Hartmann. 
IN: COMMUNICATIONS O F  THE LUNAR AND PLANETARY 
LABORATORY. VOLUME 2 (Numbers  36-39). 
Tucson, University of Arizona P r e s s ,  1964, p. 197-203. 10 refs. 
Grant  No. NsG 161-61. 
Analysis of the data of Arthur e t  aL on lunar Quadrants I and 
II (northern hemisphere), including a comparison of the distribu- 
tions of different "age" c lasses  of c r a t e r s  and a discussion of the 
quadrants. the diameters  (D) of both "young" and "old" c r a t e r s  
follow the frequency distribution. d (log F ) / d  (log D) -2.1. F o r  
the "youngest" c ra te rs ,  this function remains valid d o m  to D = 8 
h. It i s  probable that throughout the period of cra te r  formation, 
this relationship was valid for newly formed cra te rs ;  certainly 
this is the case  at the la rger  diameters.  There  is a deficiency 
of small  c r a t e r s  which increases toward the "oldest" classes;  
there appears  to be a process  that has  eroded very old small  
c ra te rs .  
pacts of bodies having the presently observed asteroidal o r  mete-  
orit ic m a s s  distribution closely predicts the distribution of observed 
lunar c ra te r  diameters. (Author) D. H. 
im?lizatisns fer C ' l * t r  z2fi fCrrclti.... Ir?. the firs* *.?.. i.*er 
The assumption that-lunar c r a t e r s  were formed by im- 
A65-23264 * 
ANALYSIS O F  LUNAR LINEAMENTS. 
THE MOON. 
Robert  G. Strom. 
IN: COMMUNICATIONS OF THE LUNAR AND PLANETARY 
LABORATORY. VOLUME 2 (Numbers  36-39). 
Tucson, University of Arizona P r e s s ,  1964. p. 205-216. 15 refs.  
Grant  No. NsG 161-61. 
Description of detailed maps of significant lines of the lunar 
landscape which revea l  the hidden architecture of the rock base-  
ment. 
been mapped in detail. 
sys tems associated with four circular m a r i a  a r e  delineated. 
major i ty  of polygonal c r a t e r  r ims .  linear portions of central  peaks. 
c ra te r  chains, and certain l inear m a r e  ridges a r e  related to the 
lineament systems. Spatial relationshlps of the lineament systems 
and other data indicate that the global systems resulted f rom com- 
press ive  s t r e s s e s  in the Moon's crus t  which were oriented in a 
north-south direction. 
(1) the gradual subsidence of the "tidal bulge, " ( 2 )  expansion and 
contraction of the Moon. (3) lunar body tides, (4) convection Currents 
within the Moon a s  postulated by Runcorn. and ( 5 )  a shift of the 
Moon's axis of rotation. (Author) D. H. 
I - TECTONIC M A P S  OF 
Lineaments within 600 of the center of the Moon's face have 
Four  global lineament systems and radial 
The 
Possible causes  of these s t r e s s e s  are:  
A6S-23490 
SMALL-SCALE STRUCTURE OF THE LUNAR SURFACE. 
P. E. Glaser and A. E. Wechsler (Arthur D. Little, Inc., 
cambridge, Mass. ). 
9vol. 4. Apr. 1%5. p. 104. 105. 
Attempt to simulate the structure of the lunar surface. based 
on information obtained by  the Ranger spacecraft and f r o m  photo- 
met r ic  data. 
which is produced f r o m  naturally occurring volcanic glassy deposits, 
were measured and evaluated. taking into account possible effects 
of hyprveloci ty  micrometeoroid impacts. It is considered that if 
loose perlite is sintered, a material  is formed which fits the require- 
ments imposed by data obtained f rom observations and laboratory 
experiments. F. R. L. 
10 refs.  
The thermal  properties of loose expanded perli te,  
A65-23739 
LUNAR RESULTS FROM RANGERS 7 TO 9. 
Gerard P. Kuiper (Arizona. University, Lunar and Planetary 
Laboratory, Tucson. Ariz. ). 
Sky and Telescope. vol. 29, May 1965, p. 293-308. 5 refs. 
combined with ear l ie r  Earth-based photography. It appears  that 
the Moon l acks  a cover of cosmic dust even 1 mm thick. which would 
have obliterated the various sharply defined color provinces and 
other photographic detail. The mar ia  a r e  lava flows o r  a succession 
of them. Seven flows have been mapped in a limited region of Mare  
Imbrium; these  a r e  shown on a Lunar and Planetary Laboratory 
map. Much progress  has  been made in the interpretation of both 
positive features (mountains, hills, and ridges) and negative features 
(craters,  depressions. and r i l l es )  on m a r e  floors. Examples of 
apparent karst-type topography a r e  described, and for comparison 
a photograph of a snow-covered landscape in southern Indiana is 
presented and discussed. Cra te r  rays  and the fine structure of the 
m a r e  floor a r e  c w e r e d  in detail. 
based photographs, sixteen Ranger photographs, a photograph of a 
sca le  model based on high-resolution Ranger-7 photographs, and a 
m a p  made by the USAF Aeronautical Chart and Information Center. 
Discussion of the results obtained on the basis of Ranger data 
Illustrations include five ground- 
E. 'r. 
A65-24360 
ORIGIN O F  LINEAR ELEMENTS ON MARE HUMORUM. 
John W. Salisbury. Vern G. Smalley. and Lucian0 B. Ronca (USAF, 
Office of Aerospace Research,  Cambridge Research Laboratories,  
Lunar-Planetary Research Branch, Bedford. Mass. ). 
Nature, vol. 206, Apr. 24, 1965, p. 385-388. 5 refs. 
Analysis of the linear ri l les.  wrinkle ridges, and rays  on the 
lunar surface on and around Mare Humorum. 
wrinkle ridges in this a r e a  a r e  found to be arranged in definite and 
similar patterns. Most of the  rays on the m a r e  also form a panern  
which, except for its east-west component, i s  similar to that of the 
wrinkle ridges and rilles. This similari ty of orientation indicates 
a similar internal lunar origin for these features.  possibly related 
t o  the lunar c rus ta l  fracture panern. The results also suggest that 
there  may be more  than one type of ray, as well as more  than one 
type of c r a t e r ,  on the surface of Mare Humorum. P. K. 
-
The ri l les and 
1\66-2441 9 * 
COMMENTS ON THE PHOTOGRAPHS OBTAINED BY RANGER 7 
RANGER 7 ]. 
E. H. Walker. 
[KOMENTARZ DO ZDJEC, UZYSKANYCH z FQMOCA P R ~ B N I K A  
(Miqdzynarodowy Kongres Astronautyczny, 15th. Warsaw. Poland, 
Sept. 7-12, 1964.) 
h t ronautyka .  vol. 8, no. 1. 1965, p. 3-6. In Polish. 
Interpretation of photographic mater ia l  obtained by Ranger 7 
~~ 
as to the composition of the lunar surface. 
graph made f rom a distance of 5.8 k m  of a c ra te r  containing a 
large rock fragment is used to draw conclusions on the composition 
of the subsurface of the Moon. v. P. 
In particular, a photo- 
A65-24794 # 
RADAR BACKSCATTER FROM THE SURFACE OF THE MOON. 
P e t r  B e c h a m  (Colorado, University. Dept. of Electrical  Engi- 
neering, Boulder, &lo. ). 
Journal of Geophysical Research,  vol. 7 0 .  May 15, 1965, 
p. 2345-2350. 11 refs.  
21 
A65-25018 
Comparison of the experimentally measured dependence of the 
mean radar  power backscattered f rom the lunar surface on the angle 
of incidence (delay time) with the theoretical formula based on a 
lunar surface consisting of a superposition of several  normal random 
processes of different structures.  The theoretically derived curve 
accounts for  shadowing and ,matches the experimental data over 
a lmost  the entire range of angles of incidence to within + l d b .  The 
wavelength dependence i s  also consistent with the observed data a s  
f a r  a s  they are available. 
r m s  slope of the lunar surface.  
The analysis yields a value of 1l0 for the 
(Author) M. M. 
~65.25018 # 
DLSTRIBUTION O F  SMALL LUNAR CRATERS BASED ON RANGER 
7 PHOTOGRAPHS. 
Burton P. Miller (General Motors Corp., Defense Research 
Laboratories, Santa Barbara,  Calif. ). 
Journal of Geophysical Research,  vol. 70, May 1, 1965, 
p. 2265, 2266. 
Fitting of a straight line of the form N E log A t B log D IN i s  
the cumulative number of c ra te rs  per unit a r e a  having diameter  
greater than D, and A and B a r e  parameters, determined by least-  
squares regression) to c ra te r  size-frequency data based on the last  
close-up of the lunar surface transmitted by Ranger 7. In a pre-  
vious statistical study based on telescopically observable c ra te rs  
(the smallest  c ra te rs  used in the regression were 1. 75 km in diam.). 
values of A I 855 and B I - 1.6 ( i. e . ,  N P 855 D-1.6) were obtained 
for both the maria and the highlands, and extrapolation led to the 
conclusion that l e s s  than 0. 05% of the surface of mar ia  i s  covered 
with 1- to 10-meter, vehicle-sized c ra te rs .  Ranger 7 gives 
N I 35, 000 D-1.856. Thus, it is found that a decidedly grea te r  
fraction (but still less than 1. 5%) of the surface i s  covered with 
c r a t e r s  likely to cause serious problems for lunar vehicles. 
W. M. K. 
A65-25693 ## 
CHARACTERISTIC LIGHT-SCATTERING CURVES FOR CERTAIN 
MAGMATIC ROCKS [INDIKATRISY RASSEIANIIA NEKOTORYKH 
MAGMATICHESKIKH GORNYKH POROD]. 
N S Orlova 
_rboratory investigation of 23 samples of te r res t r ia l  magmatic 
rocks to determine their laws of reflection of incident light. 
brightness factois for granite, basalt,  diabase, volcanic slags,  
volcanic tuffs, slaggy lavas,  and lapilli were measured with the aid 
of a visual photometer f o r  various combinations of angles of incidence 
and of reflection. 
terist ic light reflection, the lunar surface most  closely resembles  
volcanic slaggy products. (Author) W.M.R. 
The 
It is  found that, f r o m  the point of view of charac-  
A65-25695 # 
SPECTROPHOTOMETRIC COMPARISON OF THE LUNAR SURFACE 
WITH CERTAIN VOLCANIC FLOWS [OPY T SPEKTROFOTOMETRI- 
CHESKOGO SOPOSTAVLENIIA POVERKHNOSTI LUNY S NEKOTO- 
RYMI VULKANICHESKIMI POKROVAMI]. 
I. I. Lebedeva. 
Leningradskii Gosudarstvennyi Unive rsi tet ,  Astronomicheskaia 
Observatoriia. Trudy, vol. 21, 1964, p. 99-102. 
lunar mar ia  and continents and a comparison with corresponding 
data for diverse samples of te r res t r ia l  rocks f r o m  the Kamchatka 
Peninsula and the Kurile Islands. The samples were studied with 
the aid of a photoelectric spectrophotometer in the region A450 to 
590 m u .  Within the limits of natural dispersion, the reflectivity 
curves for lapilli, volcanic sand, and brown volcanic slags a r e  
found to coincide with the corresponding curves for the lunar s u r -  
face. 
well exist  on the Moon. 
5 r e f s .  In Russian. 
Examination of published data on the spectral  reflectivity of the 
It i s  concluded that pyroclastic materials of this type may 
(Author) W. M. R. 
A65-26047 
THE SELENODETIC CONTROL SYSTEM OF THE U.S. ARMY MAP 
SERVICE. 
C. L. Coudas (Boeing Go. ,  Scientlfic Research Laboratorles,  
Mathematics Research Laboratory, Seattle, Wash. ). 
- vol. 4 ,  May 1965, p. 188-206. 
USAF-sponsored research. 
16 refs.  
Derivation of the values for  the coefficients J. and J' . of the 
expansion into surface harmonics of the lunar sur&e preiJented by 
the Selenodetic Control System of the Army Map Service. Data f o r  
the Marginal Zone a r e  taken f r o m  the maps of Watts and Hayn and 
the measurements of Davidson and Brooks. and the f a r  lunar side 
is  assumed to be symmetr ical  to the near one. It is  found that the 
present results agree with those derived from the data of Schrutka- 
Rechtenstamm and a r e  close to the figures for  a homogeneous Moon 
a s  f a r  a s  the second zonal and sectorial  t e rms  a r e  concerned. 
There is less agreement in the third surface harmonic,and even 
less in the fourth. The results have little resemblance to those 
derived f rom Baldwin's data on exactly the same assumptions. It 
appears that a t  present the Selenodetic Control System of the Army 
Map Service should be rated a s  the best existing source,  followed 
by the data of Schrutka-Rechtenstamm. (Author) D . P . F .  
A65-26048 
SECULAR CHANGES IN METEORITIC FLUX THROUGH THE 
HISTORY OF THE SOLAR SYSTEM. 
William K .  Hartmann (Arizona, University, Lunar and Planetary 
Laboratory, Tucson, Ariz.  ). -. vol. 4 ,  May 1965. p. 207-213. 
Grant No. NsG 161-61. 
Analysis of lunar c ra te rs  as records of meteoritic impacts. 
The f o r m  of the mass distribution curve of meteorltic and asteroidal 
objects in the Earth-Moon neighborhood is found to have remained 
essentially constant since the formation of the oldest lunar features 
approximately 4. 5 x 109 years ago. 
r ial  and its rate of infall onto planetary surfaces have decreased in 
this period. 
and the flux has remained more neanly constant since then. 
13 refs.  
The space density of this mate- 
The decrease was rapid before the lunar maria  formed, 
(Author) D . P . F .  
AM-26229 * 
RADIO EMISSION AND DIFFERENCES IN THE UPPER LAYER O F  
"MARIA" AND 'CONTINENTAL" REGIONS O F  THE MOON [0 
RADIOIZLUCHENII I RAZLICHIIAKH VERKHNEGO POKROVA 
"MORSKIXH" I "MATERIKOVYKH" OBLASTEI LUNY]. 
B. Ia. Losovskii and A. E. Salomonovich (Akademiia Nauk SSSR, 
Fizicheskii Institut, Moscow, USSR). 
Relative-brightness measurements  of the radio emission con- 
t r a s t s  of different regions of the lunar disk by means of high- 
resolution radio telescopes. Maria  and continental regions were 
surveyed at 8 mm with a PT-22 telescope. 
a comparatively small  (1. 5 f 0. 5%) average difference in the 
brightness temperature  during a lunation. The amplitude of period- 
ical variations in contrast did not exceed 3%. The conclusion i s  
drawn that the characterist ics of the upper layers  of the compared 
regions a r e  similar.  The excess of the night temperature  near 
Mare Serenitatis over that of the continental surface in the neigh- 
borhood of Sacrobosco was found to be - Eo. 
evidence of a 25% difference in the parameter  y =  ( k p ~ ) - l / ~  of the 
mater ia l  of these regions. 
The results indicate 
This is  seen to be 
W. M. R. 
A65-26272 
LUNAR AND PLANETARY SURFACE CONDITIONS (Supplement 2 
to ADVANCES IN SPACE SCIENCE AND TECHNOLOGY ). 
by F. I. Ordway, 111 (NASA. Marshal l  Space Flight Center, 
Huntsville, Ala. ). 
N. A. Weil (Cummins Engine Co., Inc., Research Div., Columbus. 
Ind. ). 
New York, Academic P r e s s ,  Inc., 1965. 222 p. 
Edited 
$10.00. 
This book is a collection of available theoretical knowledge and 
experimental evidence on the surface conditions obtaining on the 
Moon and on the t e r r e s t r i a l  a n d  outer planets. Existing knowledge 
of these conditions is  cri t ically reviewed, the most  probable a l te r -  
natives a r e  identified, and new hypotheses a r e  advanced where they 
a r e  considered warranted. Because there exists a close associa- 
tion between the space scientist and the technical specialist who 
must  place a functioning data-collection system on these planetary 
surfaces,  the author has attempted to compose the text so that it 
22 
A65-27043 
can be used with equal facility by scientific o r  professional per- 
sonnel engaged in apace research, by educators, or by graduate 
students in aerospace disciplines. In an introduction. the prevalent 
hypotheses on the origin and age of the solar system a r e  presented; 
these a r e  followed by a brief description of the methods of acquiring 
lunar and planetary data, either f rom fixed t e r r e s t r i a l  observatories 
o r  f rom instrumented o r  manned space probes. In the chapter de- 
voted to the Moon. sections deal sequentially with the atmosphere, 
temperature  conditions, subsurface stratification. field intensities 
(gravitational, electric, and magnetic), and with the biological con- 
ditions existing on the lunar surface. New information is presented 
on the density of the lunar atmosphere under quiescent o r  high-flux 
transient conditions, on the topography of the lunar surface, and on 
the probable proportion of crater-covered a r e a s  in the highlands 
and on the maria. 
forming mechanisms on the Moon, with predictions for  the stratif ica- 
tion, temperature  profile, and composition (both chemical and 
meteoritic) of Subsurface layers. 
life i s  reviewed and discarded. Equally detailed treatments a r e  
given of the surface conditions of the te r res t r ia l  planets, the Jovian 
planets. and Pluto. When these planets a r e  situated at vast  d i s -  
tances. a r e  not easily observable, o r  possess  cloud-mantled at- 
mospheres ,  information about their surfaces is l e s s  complete than 
information about the surfaces of the Earth 's  nearer  planetary 
neighbor 8. D. H. 
A crit ical  examination is made of the surface- 
The question of indigenous lunar 
A65-26524 
THE MOON - ITS ENVIRONMENT AND WHAT IT M E A N S  FOR 
INSTRUMENTATION. 
M. A. Broner  and G. A. Lander. Jr. (Lockheed Aircraft  Corp., 
Lockheed Missiles and Space Co., Sunnyvale. Calif. ). 
S A  Journal, vol. 12, May 1965, p. 53-58. 13 refs. 
needed to explore the Moon. Environmental considerations are 
reviewed, includmg those associated with the lunar atmosphere 
and with the chemical composition and structure of, and radioac- 
tivity andmeteoro ids  at. the lunar surface. Considerations as- 
sociated with requirements  for biomedical instrumentation. for 
experiments  on the physical properties of the Moon and of the 
lunar surface,  and for instruments to sample the characterist ics 
of the lunar environment a r e  described. P. K. 
Discussion of considerations for  the design of instrumentation 
A6S-26789 
DETAILED PHOTOELECTRIC PHOTOMETRY OF THE MOON. 
Robert L. Wildey (California Institute of Technology, Div. of 
Geological Sciences; Carnegie Institution of Washington and 
California Institute of Technology, Mount Wilson and Palomar 
Observatories.  Pasadena.  Calif. ) and Howard A. Pohn (California 
Institute of Technology, Div. of Geological Sciences, Pasadena. 
Calif.).  
Astronomical Journal,  vol. 69, Oct. 1964. p. 619-634. 16 refs.  
Grant  No. NsG 56. 
Photoelectric measurements  in U. B ,  and V of a number of 
lunar features extending over  a range in both morphological type 
and selenographic coordinates. 
in phase angle before full Moon to 28O after.  
measured  during several  lunations so that a continuous brightness- 
v s p h a s e  curve is precluded by the differences in libration. 
is a necessary technique for obtaining that component of brightness 
variation that a r i s e s  f r o m  variations in the local altitude of the 
E a r t h  above the lunar horizon. 
function corresponding to the average behavior of nearly all  the 
observations h a m  been investigated and found to substantiate the 
previous conclusions, based on an analysis of photographic 
observations according to an entirely different approach, that the 
functional dependence on the phase angle and the solar and t e r r e s -  
t r ia l  elevation angles can be well approximated by a dependence 
on (g,  a). 
results has not been niade. Deviations f r o m  the average photo- 
met r ic  function have been correlated with stratigraphic class and 
hence. probably, with age. Correlations of geometrically 
normalized brightness with stratigraphy. characterist ic slope. 
and color index are presented. A conjectural hypothemis relating 
these correlations to the evolution of the lunar surface is offered 
f o r  fur ther  study. (Author) D.P.F.  
The observations extend f r o m  28O 
They have been 
This 
The nature of the photometric 
A numerical  comparison with ear l ie r  photographic 
A6526915 
HIGH-ENERGY RADIATIONS FROM THE PLANETS AND THE 
MOON. 
S. Hayakawa (Nagoya University, Physical Institute, Nagoya, Japan). 
(Societb ltaliana di F is ica .  Scuola Internazionale di F is ica  Enrico 
F e r m i ,  Corso  24, Varenna, Ita1 , June 4-16, 1962.) 
IN: SPACE EXPLORATION AN: THE SOLAR SYSTEM [LE ~ ~ ~ 
RICERCHE SPAZIALI E IL SISTEMA SOLARE]. 
Edited by B. Rossi. 
New York, Academic P r e s s ,  Inc. ,  1964, p. 298-311. 10 refs.  
Study of the implications of the discovery that the surface 
structure of the Moon and planets can be studied by observing high- 
energy radiations emitted f r o m  their surfaces.  The flux intensities 
of several components expected f r o m  a standard smooth solid 
surface a r e  calculated. 
t i c  X rays and nuclear radiations excited by cosmic rays and other 
high-energy particle bombardment. 
with the aid of a spacecraft in planetary orbit  or flyby. 
analysis and the neutron activation technique a r e  discussed in their 
application to planetary physics; with the former  method, the 
contents of heavy elements in a thin top layer can be investigated, 
while with the la t te r ,  the distribution of light elements in a thick 
layer can be determined. W.M.R. 
The components of interest  a r e  characteris-  
The components can be detected 
X-ray micro-  
A65-27035 
THE INTERPRETATION OF THERMAL EMISSION FROM THE 
MOON. 
Harold Weaver (California. University. Radio Astronomy Labora- 
to ry ,  Berkeley, Calif. ). 
IN: SOLAR SYSTEM RADIO ASTRONOMY; NATO ADVANCED 
STUDY INSTITUTE OF THE NATIONAL OBSERVATORY OF 
ATHENS. CAPE SOUNION. GREECE. AUGUST 2-15, 1964, LEC- 
TURES. [A65-27020 16-30] 
Lectures sponsored by the NATO Science Committee. 
Edited by Jules Aarons. 
p. 295-354. 31 re fs .  
Contract No. Nonr-222(66); Grant No. NsG 225-62(S-Z). 
A t h e n .  lnnn-nhnrir l m a + ; t . v + a  -f +Le W-+.- - - l  nLom- . . - r - - . .  l o L r  - -  - - - - ~ - - - -  -- --_- -__ .-_ -.I- -I-_. -.-. , , .,"_., 
Analysis of IR and radio observations of electromagnetic 
radiation emitted by the Moon. 
and tune of the lunar sur face  a s  it is irradiated by the Sun is 
examined. as is the cooling of the surface during the lunar night. 
The conduction of surface-absorbed heat into the lunar interior and 
the resulting lunar subsurface thermal  structure,  and the energy 
radiated by the Moon f r o m  its surface and interior a r e  considered. 
The IR and radio measurements  yield data on thermal  and electrical  
parameters  of the Moon and on characterist ics of the lunar surface. 
The results a r e  discussed in relation to varioua models of the Moon. 
P . K .  
The heating as a function of positior 
A6S-27036 
LUNAR RADAR REFLECTIONS. 
Gordon Pettengill (Co-ne11 University, Arecibo Ionospheric 
Observatory. Arecibo. Puerto Rico). 
IN: SOLAR SYSTEM RADIO ASTRONOMY; NATO ADVANCED 
STUDY INSTITUTE OF THE NATIONAL OBSERVATORY OF 
ATHENS, CAPE SOUNION. GREECE. AUGUST 2-15. 1964. LEC- 
TURES. [A65-27020 16-30] 
Lectures sponsored by the NATO Science Committee. 
Edited by Jules Aarons. 
Athens, Ionospheric Institute of the National Observatory, 1965, 
p. 355-369. 37 refs. 
of the Moon, as  measured over a frequency range of about 10 octaves. 
i s  found to be 0.07 of the geometrical (disk) c ross  section. 
angular scattering law deduced for the Moon is described. 
measurements a r e  used to derive values of surface dielectric 
constant and bulk density. 
range-Doppler mapping of surface reflectivity a r e  also treated. 
Review of radar  studies of the Moon. The radar  c ross  section 
The 
The 
Depolarization measurements and the 
P. K. 
A65-27045 # 
LUNAR CHARTING. 
John G. E r i h e n  (USAF. Aeronautical (hart and Information Center, 
St. Louis, Mo.) .  
Air University Renew,  vol. 16. May-June 1965. p. 76-90. 
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Description of a lunar-charting program initiated in 1960. It is 
Collectively, 
noted that, in spite of the obstacles involved, a s e r i e s  of charts,  
mosaics,  and atlases of the Moon has been produced. 
they constitute the best graphic representation of the Moon available. 
The graphics and the methods used in  producing them a r e  described. 
M. M. 
A65-27709 # 
LUMINESCENCE O F  THE LUNAR SURFACE [LUMINESCENCJA 
POWIERZCHNI KSIEZYCAl. 
Stanistaw R. Brzostkiewicz. 
Urania, vol. 36, June 1965, p. 166-175. 
the lunar surface. One i s  based on observations of local variations 
( increases)  in surface luminescence during lunar eclipses. and the 
other on comparing the contours of some lines (particularly Ha, K, 
and H lines) in the solar spectrum with the corresponding lines in 
the spec t ra  of various ridges on the lunar surface. Some results 
obtained by different investigators using these methods a r e  exam- 
In Polish. -
Discussion of two methods used to  study the luminescence of 
ined. V.P. 
A65-27715 
THE CENTRAL PROBLEM O F  SELENOGEOLOGY [DIE ZENTRALE 
FRAGE DER SELENCGEOLOGIE]. 
K. von Billow (Rostock 
Scientia. vol. 100, Jan. 1965, p. 5-9. InGerman.  
Discussion of the problem whether lunar c r a t e r s  a r e  of volcanic 
nature o r  were formed by meteoritic impact,  f r o m  the pGlnt of view 
of selenogeology - a science that investigates the moon by geological 
methods, on the basls of numerous analogies between the earth and 
the moon. It is shown that In many cases it is posslble to distinguish 
between craters of volcanic and meteoritic origin by certain features 
of their configuratlon, and these features tend to support the volcanic 
hypothesis in the vast majority of cases.  
support of this hypothesis i s  that it can explain a l l  lunar surface 
elements without recourse to numerous assumptions such a s  a r e  
needed with the impact hypothesis. 
lunar landscapes a r e  to be found in volcanic regions of the ear th ,  
UnlversltLt. Rostock. Eas t  Germany). 
Another argument in 
It is a lso  noted that analogs of 
particularly in Iceland and Hawaii. V.P .  
A65-287U 
A PHOTOMETRIC INVESTIGATION OF THE PRESENCE OF OUTER 
LAYERS O F  VOLCANIC ORIGIN ON THE MOON. 
V. V. Sharanov (Leningradskii Gosudarstvennyi Universitet. 
Astronomicheskaia Observatoriia,  Leningrad. USSR). 
(Astronomicheskii Zhurnal, vol. 42, Jan .  -Feb. 1965, p. 136-144.) 
Soviet Astronomy. vol. 9, July-Aug. 1965, p. 105-112. 16 re fs .  
Translation. 
[For  abstract  see Accession no. A65-20656 10-301 
A65-29112 
THE LUNAR ORIGIN OF TEKTITES. 
J. J. Gilvarry (NASA. Ames Research Center, Moffett Field,  
Calif. ). 
a s ,  vol. 4, July 1965, p. 317, 318. 16 refs.  
Research supported by the National Academy of Sciences. 
hydrosphere,  with a duration of 1 to 3 x lo9 years ,  a s  explaining 
the lunar origin of t e r res t r ia l  tektites. 
support of the theory of a lunar hydrosphere a r e  cited; Nininger 
proposed that the tektites a r e  fragments of rock fused initially by 
meteoric impact on the moon and ejected f r o m  the lunar surface by 
the force of the explosion. Inasmuch a s  the chemical composition 
of tektites 1s similar to that of argillaceous sedimentary rocks,  
Nminger's theory can only be valid if Gllvarry's observations a r e  
cor rec t .  However, certain anomalies in the isotoplc composition 
of these tektites imply that they must have undergone major  chemical 
fractionation within the las t  100 x IO6 years ,  which implies a smal l  
concentration of water on the lunar mar ia  during this period; this 
hypothesis seems highly questionable. D .P .F .  
Discussion of a theory which postulates the presence of a lunar 
Gilvarry's observations in  
A65-29372 # 
QUANTIFYING TERRAIN ROUGHNESS.ON LUNAR AND PLANETARY 
SURFACES. 
Milton Schloss (Bendix Gorp>, Bendix Systems Div., Ann Arbor,  
Mich. ). 
ers .  $0. 50; nonmembe>a, $1. 00. 
Investigation of curvature a s  a surface roughness characterist ic 
to attain a simple quantitative description technique which can be  
used in paramet r ic  design procedures. 
vature surface descriptions, two contour maps  a r e  analyzed - an 
80 by 80-ft section of the moon's surface and a map of the Bonita 
Lava Flow near  Flagstaff, Ariz. Analysis of the moon map  data 
i s  performed, and a conventional set of slope distribution curves 
and a se t  of curvature statist ics a r e  developed. 
these shows that the curvature technique is much l e s s  complex and 
allows a d i rec t  quantitative evaluation of the relative roughness of 
different terrains.  B. B. 
To compare  slope and cur -  
Comparison of 
A6540647 
WAVELENGTH DEPENDENCE OF POLARIZATION. 
LUNAR SURFACE. 
T .  Gehrels.  T .  Coffeen, and D. Owings (Arizona, University. 
Tucson, Ariz.  ; Indiana University, Bloomington. Ind. ). 
Astronomical Journal, vol. 69. Dec. 1964, p. 826-852. 38 re fs .  
Grant No. NsG-493. 
Study of photoelectric measurements of brightness and polarlzatlon 
made on various lunar regions, using diaphragms about IO sec  of a r c  in 
diameter.  
where I has effective wavelength a t  0. 94 p .  
lunar regions increases with phase angle (I; a typical relation IS 
B - V = t 0.84 t 0.0017 I (I I. Brightness-phase relations al l  show 
a nonlinear surge close to zero phase; this "opposition effect" may 
be a s  much as a factor of 2 brightness increase f r o m  i 5O to O?O. 
phase. If so, the full moon has V = - 13. 35 mag f 0.06 (p. e. ), and 
the geometric albedo a t  5400 A i s  21% with the m a r i a  having 13% 
and the highlands 27%; the uncertainty i s  due mostly to luminescence. 
Luminescence was detected in the photometry and independently 
confirmed by the polarimetry.  
10 to 20% brighter than in Nov. 1963-Jan. 1964. The effect  was 
fairly constant f r o m  day to day; it probably var ies  with the solar 
cycle. Polarization-phase curves,  with a fi l ter  a t  0.54 p .  were  
found to be s imi la r  to those of Lyot. while a t  0.36 p the polarization 
generally was grea te r  and a t  0. 94 p smal le r .  Gradual rotation of 
the polarization position angle, a s  reported in the l i terature,  was 
not found; to within f 3O precision, the e lec t r ic  vector maximum 
was either perpendicular to the plane of scattering, or lay in that 
plane. The  opposition effect is reproduced by the theoretical 
photometric functions derived by Hapke for a tenuous surface 
texture,  but a volume density of only 0.  5% is  indicated. 
is remarkably uniform over the lunar globe, and it is similar to 
that of the asteroids.  
a thin, about 0.06 mm, cloud of particles that have radius a 'i 0 .8  f l ,  
and separation of about 8 p .  
planetary particles.  
o rder  of 10-8 esu ,  keep them separated and suspended. while partial  
recombination causes the observed luminescence. 
this surface cloud explains a l l  photometric and polarimetric 
observations on the moon and asteroids.  
111 .- THE 
In addition to UBV a UGI photometric system was used, 
The color index of 
In 1956-1959 the lunar surface was 
The texture 
The lunar surface appears to be covered with 
They presumably a r e  accre ted  in te r -  
They a r e  ionized and their charges,  of the 
I t  appears that 
(Author) M. F. 
A6540807 # 
LUNAR PROBLEMS IN SOIL ENGINEERING. 
Ronald F. Scott (California Institute of Technology, Pasadena. 
Calif. ). 
American Society of Civil Englneers,  Soil Mechanics and Foundations 
Division, Journal,  vol. 91, J a n . ,  pt. 1, 1965, p. 1-14. 14 re fs .  
Study of the state of knowledge of the lunar burface f rom an 
engineering viewpoint and outline of a variety of plausible soil or  
rock profiles to shallow depths. 
soil  and rock mater ia l s  a r e  defined arb i t ra r i ly  in t e r m s  of an 
idealized mechanical behavior. 
ranges of mater ia l  behavior in t e r m s  of quantitative properties.  and 
the c lasses  of soil englneering problems that might a r i s e  with 
The engineering properties of the 
An attempt i s  made to establish 
24 
A65-32576 
respect to operations on the lunar sur face  a r e  examined. Finally, 
consideration is given to suitable. simple experiments that may be 
conducted f rom spacecraft on the lunar surface for the purpose of 
measuring the quantitative properties.  (Author) M.F. 
A6540808 #t 
ENGINEERING PROPERTIES OF SIMULATED LUNAR SOILS. 
Eben Vey (Illinois Institute of Technology, Research Institute. Soil 
Mechanics Section. Chicago, Ill. ) and John D. Nelson (Illinois 
Institute of Technology, Research Institute. Chicago. Ill. ). 
American Society of Civil Engineers, Soil Mechanics and Foundations 
Division. Journal. vol. 91. Jan. ,  pt. 1. 1965. p. 25-52. 27 refs.  
Contract No. NASr-65(02). 
Review, analysis, and evaluation of the most  recent studies 
dealing with the composition and environmental conditions of the 
lunar surface. 
soils under lunar environmental conditions, experiments were 
performed to determine the properties of soils believed to be 
representative of materials on the lunar surface under atmospheric 
pressures  and vacuum levels to the IO-IO-torr range. Three 
different soil samples were used - (1) si l ica flour having 90% of the 
particles between 2 and 26 p ,  (2) ground olivine having 90% of the 
particles between 2 and 6 0 p .  and,(3) ground olivine having 90% of 
the particles between 0 .7  and 15 u. On the basis of available data 
f rom telescopic observations, radar measurements ,  photometric 
studies, albedo and color measurements ,  and the most  recent 
Ranger VII  pictures. these materials a r e  shown to be reasonably 
good simulations of the lunar surface. 
in which these materials might exist - loose, lightly bonded, or 
strongly bonded with respect to the measurements  of important eogi- 
neering properties - is  also examined. 
the determination of the porosity attained by the soil  when deposited 
under various vacuum levels and the effect of vacuum on the shear- 
strength parameters .  F o r  soil samples prepared in the atmosphere 
and then placed in the vacuum chamber, it was observed that the 
vacuum in the soil  pores was considerabiy iess rhan r'hai rrLurded 
in the chamber. Porosit ies attained by soil  deposited under low 
vacuums (1 to 
but a t  higher vacuum levels the porosity increased with an increase 
in vacuum, and in the case  of silica flour for vacuums of 
o r  higher it was greater than when deposited in atmosphere. 
shear tests showed that the apparent cohesion and the internal 
friction of the si l ica flour increased under vacuum. The internal 
friction of the olivine a l so  increased under vacuum, but i ts  apparent 
cohesion appeared t o  decrease.  
soils and the effects on the apparent cohesion were attributed to the 
development of interparticle forces. 
attractive o r  repulsive, depending on the mineralogical composition 
of the soil and the vacuum level. (Author) M.F.  
To provide basic engineering data on the behavior of 
The significance of the ntate 
Experiments consisted of 
t o r r )  were  less than those attained in atmosphere. 
t o r r  
Direct 
The increase in porosity i n  both 
These forces  may be either 
A 6 5 3 1  182 # 
DISTRIBUTION OF CRATERS ON THE LUNAR SURFACE. 
Gilbert Fielder (London, University, Observatory, London, 
England). 
Royal Astronomical Society, Monthly Notices, vol. 129, no. 516, 
1965, p. 351-361. 16 refs.  
Research supported by the Department of Scientific and Industrial 
Research.  
F r e s h  attack on the vital problem of the origin of the lunar 
c r a t e r s  by analyzing the surface distribution of cra te rs  of given 
diameter.  The distribution shows a general clumpiness in both 
the lunarite fbrighr regions) and the lunabase (dark regions). Cra te rs  
between 30 and 40 k m  in diameter,  situated in the lunarite, a r e  non- 
randomly distributed at the 2% level of significance. 
against the impact  theory. 
differently-sized c r a t e r s  is slightly grea te r  in the following half of 
the moon than i n  the preceding half. This result  is  shown to apply 
equally to the lunarite and, taken separately,  to the lunabase, and 
again argues against the theory that the c ra te rs  were produced ex- 
clusively by impact. In assessing the origin of the c ra te rs  on the 
basis of the observed frequencies and distribution of cra te rs  alone, 
i t  i s  concluded that the ra t io  of the number of impact c ra te rs  to the 
number of endogenic c r a t e r s  i s  not very large.  
is allowed, it m u s t  be that the c ra te rs  a r e  of internal origin. 
This argues 
It is found that the number-density of 
If only one theory 
(Author) M. F. 
A6541280 # 
ANGULAR SCATTERING LAW FOR THE MOON AT 6-METER WAVE- 
LENGTH. 
W. K. Klemperer (National Bureau of Standards, Central Radio 
Propagation Laboratory,  Boulder, Colo. ). 
Journal of Geophysical Research.  vol. 70, Aug. 1, 1965, p. 3798- 
3800. 9 r e f s .  
f r o m  radar data and of the effect of shadowing near the limb. Short- 
pulse radar echoes were obtained a t  a P e r u  facility. Because the 
J icamarca 22-acre  a r r a y  is essentially a transit  instrument. long 
echo-integration t imes were not possible. 
adequate radar  sensitivity to obtain echoes right out of the l imb when 
the whole antenna was utilized, fairly serious problems arose  from 
the huge dynamic range required to record the echo amplitude f rom 
the leading edge properly. Accordingly, only half the available 
antenna a r e a  and only two of the four t ransmi t te rs  were used in this 
experiment. 
the one set  a t  higher sensitivity for exploring the echo amplitude 
near the limb. Polarization was circular to avoid problems with 
Faraday rotation f r o m  the F region. 
the antenna a r r a y  to point at different points on the east-west track 
of the moon, the observation period could be extended to permit  
about 20 db of digital Integration. 
given in a table. M.F. 
Study of the magnitude and scale of lunar surface roughness 
Although there  was 
There were two receiving systems with linear detectors,  
By phasing the two halves of 
The parameters  of the system a r e  
A6532038 
RADIO-FREQUENCY EMISSION AND DIFFERENCES IN THE 
TOP COVER O F  "MARIA" AND "CONTINENTAL" LUNAR REGIONS. 
B. Ia. Losovskii and A. E. Salomonovich (Akademiia Nauk SSSR, 
Fizicheskii Institut, Moscow, USSR). 
(Astronomicheskii Zhurnal. vol. 42. Mar. -Apr. 1965. p. 390-397; 
Akademiia Nauk SSSR, Plenum Komissi i  po Fizike Planet Astrosoveta. 
Jan. 1964. I . ~~ ~.  , 
Soviet Astronomy, vol. 9, Sept. -0ct.  1965, p. 307-312. 14 refs.  
[For  abstract see Accession no. A65-26229 15-30] 
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A653241 1 
WAVELENGTH DEPENDENCE O F  POLARIZATION. 
CANIC CINDERS AND PARTICLES. 
David L. Coffeen (Arizona, University, Tucson, Ariz. 1. 
Astronomlcal Journal. vol. 70, Aug. 1965, p. 403-413. 
Navy-supported research. 
the moon, using a Wollaston photopolarimeter with fi l ters near  
0.36, 0.53, and 0.97F. having the sun as light source. 
the samples were porous dust layers  of ground volcanic cinder 
particles smal le r  than 3 7 ~ .  in "fairy castle" structures.  
two  were a porous but solid lava fragment, and the same fragment 
covered with a "fairy castle" dust layer made from the same lava. 
The solid lava fragment, more  highly polarized than the moon, has 
essentially no wavelength-dependence. The wavelength- and phase- 
dependence of the lunar polarization is closely matched by the 
"fairy castle" structures.  No dependence of polarization on sample 
orientation was found for the volcanic materials.  Differential pho- 
tometry was  done with the same fi l ters using a smoked MgO layer 
as comparison. 
(in magnitudes) f rom 50 to 20° phase, similar to the moon. 
"fairy castle" structures show an appreciable opposition effect in 
the UV which, however. a lmost  disappears in the green and IR. 
IV - VOL- 
10 re fs .  
Measurement of five laboratory samples for comparison with 
Three of 
The other 
All samples show a l inear brightness increase 
The 
F.R.L. 
A6532576 * 
PHOTOELECTRIC OBSERVATION O F  THE LUNAR ECLIPSE OF 
JUNE 24-25. 1964. 
J. BouZka and P. Mayer (Charles University, Astronomical 
Institute. Prague, Czechoslovakia). 
Astronomical Institutes of Czechoslovakia, Bulletin. vol. 16. no. 4, 
1965, p. 252-254. 8 refs.  
Photoelectric measurements  of the moon's surface taken during 
a total lunar eclipse in spectral  region V. 
in the penumbral shadow were practically the same as the theoretical 
ones; in the umbral  shadow they were substantially la rger  than the 
calculated densities and reached a value of D = 5.62 near mideclipse. 
The densities determined 
(Author) R. A. F. 
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A65-32671 # 
TEKTITE STRUCTURE AND LUNAR ASH FLOWS. 
John A. O'Keefe (NASA, Goddard Space Flight Center,  Greenbelt, 
Md. ) and Ernst W. Adams (Deutsche Versuchsanstalt f&r Luft- und 
Raumfahrt, Freiburg, West Germany). 
Journal of Geophysical Research, vol. 70, Aug. 15, 1965, 
p. 3819-3829. 19 refs.  
Suggestion that tektites were formed by a lunar ash  flow. Theo- 
retical  calculations of pressure .  temperature,  and voidage (fraction 
of the volume not occupied by solid mat te r )  a r e  made for  the dense 
phase (bulk density 0. 5 to 1. 0 g/cmZ) of an ash  flow, assuming a 
steady state with the solid particles a t  res t ,  uniform temperature,  
and steady emission of gas f r o m  the solid matter.  The problem 
reduces to an ordinary nonlinear differential equation of the f i r s t  
o rder ;  the solution is presented in nondimenslonal variables,  togethe 
with homology relationships for  the physical parameters.  F o r  a 
glven model of internal structure,  the required gas emlssivlty 1s 
found to vary directly with the square of the gravity. Above the 
dense phase. there may be a dilute phase consistlng of gas with 
suspended particles, having a bulk denslty of 0.12 g l c m 3  o r  less. 
The dilute phase i s  relatively unimportant in t e r r e s t r i a l  flows, 
but in a lunar ash  flow i t  i s  likely to be the predomlnant mode of 
transport. 
scale height on the moon of a few hundred meters.  Thls concept 
i s  consistent with the recent discoveries about the petrography of 
the Muong Nong tektites and the morphology of the mar ia .  
It i s  found to be a n  isothermal pseudogas, wlth a 
(Author) M. F. 
A65-32672 # 
ACOUSTIC SIMULATION OF LUNAR ECHOES. 
H. S .  Hayre 
Science, Dept. of Electrical  Englneering, Manhattan, Kan.). 
Journal of Geophysical Research, vol. 70, Aug. 15, 1965, 
p. 3831-3839. 15 refs.  
Grants No. NsG-129.61; No. NsG-692. 
acoustically the lunar surface and other rough surfaces on a set 
of 16.7-cm-diam spun-alumlnum spheres. Some of the large- 
scale lunar surface roughness features were approximately modeled 
using reduced wavelength scale, and the small-scale roughness was 
modeled by random-sized sand particles on one sphere. 
tigate which type of surface roughness would simulate the lunar 
return,  various orders  of roughness and four separations of the 
model moon and the transducers (4-p  sec pulse a t  1. 02 Mc with 
P R F  of 20)  were used to obtain experimental data. These data 
were reduced to give such statist ical  information a s  range of fading. 
The mean power vs  delay time was compared with Pettengill's ex- 
perimental  data and found to check well. The spatial autocovariance 
of the wrinkle-painted surface was found to be  exponential a s  opposed 
to the Gaussian form. (Author) M. F. 
(Kansas State Unlversity of Agriculture and Applied 
Use of nonlinear modeling techniques in an attempt to model 
To inves- 
J .  J .  Naughton, I. L .  Barnes,  and D. A. Hammond (Hawaii, 
University, Dept. of Chemistry and Hawaii Institute of Geophysics, 
Honolulu, Hawaii). 
Science, vol. 149, Aug. 6 ,  1965, p. 630-632. 12 refs.  
NSF Grant No. GP-2523. 
rocks melted in the laboratory under ultrahigh-vacuum conditions. 
These metal vapors act  to comminute polycrystalline rocks to their 
component minerals.  
packed and its characterist ics may be compatible with the lunar 
sur face  a s  revealed by the Ranger photographs. 
impact or lunar volcanism has produced vaporization or a r e a s  of 
molten lava, alkali erosion may have given dust of this character 
in adjacent solid a r e a s .  
Observation of the evolution of vapors of alkali metals f rom 
The resultant powder i s  porous and loosely 
If meteorite 
(Author) M . F .  
'r 
A6542739 
PROPERTIES AND BEHAVIOUR O F  MATERIAIS IN OUTER SPACE. 
R. C. Godwin and W. J. Woods (Hawker Siddeley Dynamics, Ltd., 
London, England ) . 
Institution of Mechanical Engineers, Conference on Vacuum 
Technology, London, England, Mar. 25, 26, 1965, Paper.  11 p. 
6 refs. , 
vacuum and all other significant parameters,  and detailed descr ip-  
tion of the vacuum environment. 
vacuum - surface effects and internal effects (such a s  fatigue) - a r e  
discussed, together with the fatigue strength of meta ls  in vacuum. 
Historical  work leading up to present work on crack propagation 1s 
reviewed. Surface effects,  evaporation, vapor pressure ,  the 
Langmuir equation. embrittlement of plastics, lubrication, problems 
of friction and wear,  metal-on-metal and steel-on-diamond tes t s ,  
and bearing capacity of lunar sur faces  aye also examined. 
General  description of the environment of space,  considering 
The two principal effects of 
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of conical cavities, undertaken in the conviction that conical cavities 
would provide a reasonable thermal model of the meteor c r a t e r s  or 
other cavities to be found on the surface of the moon. 
parallel  radiation i s  taken a s  striking a right circular conlcal cavity 
a t  a given angle of incidence to the cone axis. The cone i s  assumed 
to have a diffusely reflectlng surface and h a s  a given cone angle. A 
straightforward Monte Car lo  analysis of this case  i s  used to de te r -  
mine the directional reflectivlty of the cone. P a r a m e t e r s  varied 
a r e  the cone angle, sur face  absorptivity, and angle of incidence of 
the solar radiation. Comparison i s  made with the lunar charac te r -  
ist ics.  
circular cone with 30° cone angle and a surface absorptivity of 
0.500 compares well with the experimental photometric results for  
the lunar surface.  It i s  inferred that the lunar surface could have 
many cavities with steep walls, whose s t ruc ture  i s  l a rger  than the 
wavelengths of visible light, but smal le r  than i s  visible to  present 
earth-based o r  lunar-probe observations. It 1s  pointed out that r e -  
sults for conical cavities with cone angles near  those for  observed 
lunar c r a t e r s  do not cor re la te  with observed lunar photometric r e -  
sults,  implying that these c ra te rs ,  even if of considerably smal le r  
s ize  than those observed to date, contribute little to the reflectivity 
charac te r i s t ics  of the  moon in the vislble portlon of the spectrum. 
Analytical study of the directional absorptivity characterist ics 
A beam of 
It i s  concluded that the directlonal reflectivity of a right 
M. M. 
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Survey of the evidence to date supporting a defense of deflu- 
iduation a s  a generally operative te r res t r ia l  and lunar process.  
Defluidization is defined a s  the release of fluids f r o m  the interior 
of a cosmic body at any given rate or  place, manifesting itself by 
intrusive activity and volcanism. 
that could make the moon more  susceptible to outgassing a r e  taken 
into account. Tidal effects,  thermal  considerations. gravitative 
effects, mantle-volume-to-surface-area relationships, defluidization 
products and sequence of escape, luminescence, and the surface 
morphology supporting defluidization a r e  discussed. 
differences that exist  between the ear th  and the moon that would 
enhance lunar defluidization, and a comparison of the defluidization 
versus  impact models a r e  summarized point by point. 
i s  thought to be a generally operative cosmogonic process which 
was intensified on the moon because of tidal, gravity, and vacuum 
effects; furthermore,  meteorit ic impact 1 8  considered to be a t r iv la l  
process in affecting both the genesis and development of almost 
a l l  major  lunar surface structures.  Two appendices a r e  included; 
they contain expressions for  calculating lunar body tides raised by 
the ear th  and a summary  of reports of lunar surface changes. 
The differences in t ime and place 
The significant 
Defluidization 
M. L. 
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LUNAR DIFFERENTIATION PROCESSES. 
Louis S. Walter (NASA, Goddard Space Flight Center,  Greenbelt, 
Md. ) .  
Theoretical  study of the processes  of igneous rock differentiation 
a s  applied to the moon. 
of the study: (1) the increase in lithospheric pressure  a s  a function 
of depth i s  l ess  for the moon than the earth;  (2) the moon has been 
hot enough, a t  some tlme in its history and at  least  locally. to 
melt the silicate mater ia l  of which it i s  composed; (3) although 
local at any one time. this melting has taken place in most  a r e a s  of 
the upper part  of the moon, so that  presently there  are few place8 
that have escaped igneous activity since the moon was formed; and 
(4) because of the ubiquitous nature of the melting and the gravitative 
attraction of the moon, the moon's rocks have lost much of the 
mater ia l ,  which at standard temperature and pressure  
sidered volatile (particularly water and oxygen). 
a r e  discussed in the light of effects of total p ressure  
oxygen deficiencies. 
differentiated a lunar c rus t  ( i f  it  did not at the t ime of the moon's 
formation) 
the radioisotopes in the  more  acidic c rus ta l  fraction tending to  
increase the amount of volcanic activity at the surface and further 
degassing and dehydrating the superficial rocks. However, loss of 
water i s  considered to have the opposite effect. M. L. 
Four major  assumptions form the basis 
a r e  con- 
The assumptions 
and water and 
It is concluded that igneous activity has 
and that such differentiation also served to concentrate 
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Experimental  study of the melting of complex sil icates.  related 
to research  on lunar geology. 
composed of some of the highest melting rock-forming minera ls  
(mostly Si02 and MgO), is investlgated a s  a function of t ime pressure .  
It i s  found that dunite mel t s  instantaneously above 175OOC. under 
the p r e s s u r e  proposed to exist within the moon's core  (47 kbars).  
but that melting could also occur if a lower temperature were 
maintained for  a longer time. Several  theories of the moon's com- 
Position a r e  briefly discussed, including Kuiper 's ,  Urey's and 
Hoyle's. 
to occur severa l  hundred degrees centigrade below impact melting. 
The melting point of dunite, a rock 
It i s  shown that volcanic melting of dunlte may  be expected 
M. L. 
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Experimental  investigation of a simulated magma in vacuum 
and a determination of selected physical properties of t e r r e s t r i a l  
rocks in a simulated lunar environment. 
basalt ,  and granite,  allowed to upwell and solidify in vacuum, a r e  
shown to yield photometric curves closely resembling the mean 
lunar curve. During the vacuum upwelling. such samples produced 
color changes resembling those recently observed on the lunar 
Surface (the Ar is ta rchus  event).  A brief review of the study's 
resu l t s  - a s  compared with published reports defining the nature of 
the  lunar sur face  - i s  presented, and it i s  emphasized that many of 
these repor t s  a r e  based on mater ia l  forming under atmospheric 
pressure .  unlike the moon. It i s  concluded that the results tend to 
indicate that lava i s  present on the lunar sur face  and that earth-moon 
correlations can  be made  if the physical properties of the mater ia l s  
a r e  determined in s imi la r  environments. M. L. 
Samples of molten sil ica,  
A6544234 
PALEOVOLCANIC ORIGINS O F  THE LUNAR SEAS. 
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f n  Lunar Research ,  New York, N. Y . ,  May 16-19, 1964, Paper .  ) 
New York Academy of Sciences,  Annals, vol. 123, July 15, 1965, 
p. 516-523. 
Review of some of the theoretical  framework and features of 
the  paleovolcanlc origins of the mar ia .  
New York Academy of Sciences, Conference on Geolouical Problems 
Arguments concerning 
28 
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homogeneity and internal heat, convection cur ren ts ,  and palevol- 
canism a r e  recapitulated, and some of the chemical reactions that 
might account for the present structure of the moon a r e  reviewed. 
The possible relationships between convection currents and the 
formation of walled plains a r e  cbnsidered. and comparisons with 
the earth 's  sur face  a r e  made. 
flux in these arguments is  emphasized. 
The part  played by the geothermal 
M. L. 
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New York Academy of Sciences, Annals, voL 123. July 15. 1965, 
p. 526. 527. 
Brief summary of the arguments in favor of the convective 
origin of large lunar craters.  It i s  pointed out that the only accept- 
able mechanism that simultaneously accounts for (1) the polygonal 
shape of the large c ra te rs ,  ( 2 )  their f l a t  bottom, ( 3 )  their juxtaposi- 
tion, (4) the fact  of a non-overlap of a larger c ra te r  over a smaller 
one. and (5) the presence of a single peak in many c r a t e r s  
convection currents occurred in the outer layer of the moon prior t o  
i t s  solidification. Thus, it is  concluded, the c ra te rs  a r e  in fact  
convection cells,  the size of which had been decreasing with time. 
is that 
M. L. 
A6544236 
BALANCE O F  ENDOGENIC TO EXOGENIC ENERGY IN THE CRUST 
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(New York Academy of Sciences, Conference on Geological Problems 
in Lunar Research,  New 
Theoretical  investigation of the balance of endogenic to exogenic 
energy in the moon's crust. 
a r e  proposed, in parallel ,  for the earth and moon, and a table 
listing the features of the proposed geomorphic orders ,  and sugges- 
tions for  the energies and forces  tending to create,  maintain, and 
destroy them, is  given. It i s  pointed out that on the earth,  attrition 
of objects the size of sand grains is dominated by transport  mech- 
an isms ,  but that on the moon, transport  mechanisms a r e  weaker 
or absent. 
dominate objects a s  large as  sand grains. 
Nine orders  of geomorphic features 
It is thought conceivable that attractive forces may 
M. L. 
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Ralph B. Baldwin (Oliver Machinery Co. , Grand Rapids. Mich. ). 
(New York Academy of Sciences. Conference on Ceologlcal Problems 
in Lunar Research,  New York. N. Y., May 16-19, 1964, Paper . )  
New York Academy of Sciences. Annals, vol. 1 2 3 .  July 15. 1965, 
D. 543- 546. = -  
Brief summary  of the arguments for  a meteoritic-impact theory 
of the origin of lunar c ra te rs .  
presence of igneous activity on the moon is considered strong, it is 
argued that meteorit ic impact must  also be a very llkely process  
on the moon. The major  evidences cited a r e  statist ical  analyses of 
c r a t e r  dimensions a s  functions of size;  in particular,  the relation- 
ship between r im- to- r im diameter  and rim-to-bottom depth, ex- 
pressed  on a log-log sca le  a s  a simple quadratic that i s  equally 
valid f o r  tiny. explosive c r a t e r s  on earth,  through te r res t r ia l -  
meteor i t ic -c ra te r  range, and up to the large lunar craters.  The 
diamete r -vs  - r i m -  height curve and the rim-width-vs -diameter 
relationship a r e  a l so  noted. It is concluded that both the volcanic 
and impact processes  a r e  necessary to explain the lunar surface 
features.  M. L. 
While evidence supporting the 
A65-34238 
CRATER FREQUENCY EVIDENCE FOR VOLCANISM IN THE 
LUNAR HIGHLANDS. 
Robert T. Dodd, J r . ,  Vern G. Smalley, John W. Salisbury. and Joel 
E. M. Adler (USAF, Office of Aerospace Research,  Cambridge 
Research Laboratories, Bedford, Mass. ). 
(New York Academy of Sciences, Conference on Geological Problems 
in Lunar Research,  New York, N. Y., May 16-19, 1964, Paper.  ) 
New York Academy of Sciences, Annals, vol. 123. July 15, 1965, 
p. 555-561; Discussion, A Marcus (California. University, 
Berkeley, Calif.). p. 561, 562. 
rupted by deposition of a thick b h k e t  of material ,  as part  of a 
continuing statist ical  study of the c r a t e r  frequency in the lunar high- 
lands. The surface a r e a  considered l ies in the Cratered Plain 
Province. Details of the c ra te r  measurements  a r e  presented. 
Results a r e  obtained by submitting the data to a least-squares fi t ,  
using an IBM 7090. 
found to suggest two curves of the form F ADtB, intersecting at 
a diameter in the vicinity of 10 to 20 km. 
simple relationship between cra te r  diameter  and frequency for  
the mare surfaces deteriorates in the highlands where. evidently. 
several  processes  have been a t  work. 
complexity in the geologic history of these a r e a s  that is  not general- 
ly appreciated. 
M. L. Cratered Plain Province were determined a r e  outlined. 
Consideration of the possibility that cratering might be inter- 
The plotted frequency-diameter data a r e  
It is concluded that the 
It is  noted that there i s  a 
The criteria by which the boundaries.of the 
A65-34239 
GRAVITATIVE EFFECTS ON LUNAR IMPACT STRUCTURES. 
William L. Quaide, Donald E. Gault, and Richard A. Schmidt 
(NASA. Ames Research Center,  Space Sciences Div., Moffett 
Field. Calif. 1 .  
(New York ALademy of Sciences, Conference on Geological Problems 
In Lunar Research,  New York, N. Y. , May 16-19, 1964, Paper.  ) 
New York Academy of Sciences. Annals, vol. 123, July 15, 1965, 
D. 563-572. 10 refs. .- 
S i d y  of t% r c k i o n s l i p  b e t ~ e e -  c i?ter  morphology and 
dimension. 
a probable mode of origin of the c ra te rs .  
the lunar cratering rate is considerable, in view of the moon's 
age, the rate is not reliable enough to account for all  the lunar 
craters.  but it i s  assumed that most  of the c ra te rs  have had their  
origins in hypervelocity impacts. The radii  of 169 selected young 
lunar c ra te rs  a r e  considered, and severa l  cratering mechanisms 
a r e  discussed: 
produced mostly by cometary impact, and smal le r  c r a t e r s  by dense 
projectiles; (2) all  c r a t e r s  produced by dense projectiles; and (3) 
postcratering events have modified c ra te r  shapes, in particular,  
isostatic rebound, gravitative effects, and impact-triggered 
volcanism. It is  concluded that if large c ra te rs  a r e  assumed to 
originate by hypervelocity impact, then one process that can account 
for most of their observed features i s  gravity sliding, probably 
along ring fractures produced during impact. 
of this conclusion is noted - namely, that it is  not possible to 
determine the mass  of the cratering projectile f rom diameter-depth 
relations of large lunar c ra te rs .  M. L. 
It is considered that any explanation must be based on 
It is  shown that although 
(1) large c ra te rs  (diameters more  than 10 k m )  a r e  
A major implication 
A6534241 
LUNAR AND TERRESTRIAL STRUCTURAL MODELS ON A 
COMMON SPHERE. 
B. B. Brock (Anglo American Corporation of South Africa, Ltd., 
Johannesburg. ReDublic of South Africa).  ~. . 
(New York Academy of Sciences, Conference on Geological Problems 
in Lvnar Research,  New York, N. Y. , May 16-19, 1964, Paper.) 
New York Academy of Sciences, Annals, vol. 123. July 15, 1965. 
D. 617-630. 
Theoretical comparison of lunar and t e r r e s t r i a l  surface 
features, by means of a transparent,  plastic dome used to study the 
repetitive patterns on a geological globe. 
earth and moon globes of identical size a r e  used. 
manner of distance measurement ,  in t e r m s  of angle of a r c  subtended 
at the center of the sphere,  is  used because it i s  applicable to any 
heavenly body and allows a comparison of those structural  patterns 
which, i t  is  believed, a r e  a function of the body itself. It i s  tentatively 
concluded that the coa'rser tectonic patterns of the ear th  and moon 
In addition to the dome, 
The nautical 
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a r e  s imi la r  because. when compared on a common sphere,  the 
degree of correspondence in s ize  and shape between the la rger  moon 
features and earth features is sufficiently impressive.  
patterns a r e  considered ordered ,  and not fortuitous, and it is 
emphasized that the aliquot relationship of the fragmentation patterns 
to the sphere itself is significant in that the pattern i s  integrated 
with the spherical shape in both cases.  
The similar 
M. L. 
lunar surface mater ia l s ,  a s  compared to an agglomeration of un- 
consolidated particles. 
theoretical  work based on accurate temperature measurements  
during lunations and eclipses and determinations of photometric 
and thermal  properties of different materials in the laboratory 
promises  to lead to acceptable definitions of the nature of lunar 
surface materials.  M. L. 
It is expected that the combination of 
A6544242 
EARTH AND MOON- TECTONICALLY CONTRASTING REALMS, 
Robert S. Dietz hnd John C. Holden ( U .  S. Coast and Geodetic 
Survey, Washington, D. C. ). 
(New York Academy of Sciences,  Conference on Geological Problems 
in Lunar Research. New York, N. Y . ,  May 16-19, 1964, Paper .  ) 
New York Academy of Sciences,  Annals. vol. 123, July 15, 1965, 
p. 631-640; Discussion, G. J. H. McCall (Western Australia, 
University, Perth, Australia). p. 640. 15 refs. 
Review of existing evidence supporting the view that, tectonical- 
ly, the moon is dead and rigid, has either insignificantly little o r  
no convection, and that the t e r r e s t r i a l  sea  floor does not resemble 
the lunar surface. 
of volcanoes on ear th  is considered to be recycled water,  the 
occurrence of explosive volcanism on the moon i s  held to be unlikely, 
in view of the absence of a hydrosphere. 
plosive volcanism requires both a hydrosphere and the conveyance 
of hydrated rock by mantle convection. 
Because the water that energizes the explosivity 
It is concluded that ex- 
M. L. 
A6544243 
PRlNClPAL STRUCTURAL ELEMENTS O F  THE MOON AND THE 
SIGNIFICANCE O F  THE GEOGRAPHIC-GEOLOGICAL APPROACH. 
Lu. A. Khodak. 
( Akademiia Nauk SSSR, Izvestlla. Serlla Geologicheskala, no, 8, 
1963, p. 11-22, New York Academy of Sciences, Conference on 
Geological Problems In Lunar Research ,  New York. N.Y.,  May 
16-19, 1964, Paper. ) 
New York Academy of Sciences. Annals, vol. 123, July 15, 1965, 
D. 641-655. 76 re fs .  Translation. 
Study of the chief s t ruc tura l  elements of both sides of tne moon. 
The nature and distribution of rock formations. including walled 
plains. c ra te rs .  r idges,  mar ia ,  valleys,  and f i ssures ,  a r e  analyzed. 
The sources  include Khabakov's map of topographical formations on 
the visible side. recent photographic atlases,  a photographic atlas 
edited by Kuiper, a s  well a s  a map  based on the Soviet probe of 
1959 of the f a r  side of  the moon. Several  maps  of the important 
structural  features a r e  presented, including one of the reverse  
side. 
clarification of the polygonal-annular nature of the structure of the 
walled plains and cra te rs .  
sur face  features is considered to  offer only a one-sided approach 
to any elucidation. 
Several  areas of further investigation a r e  indicated, including 
The meteoritic-Impact explanation of lunar 
M. L. 
A6544244 
THERMAL PROPERTIES O F  POSTULATED LUNAR SURFACE 
MATERIALS. 
P. E. Glaser ,  A. E. Wechsler, and A. E. Germeles (Ar thur  D. 
Little, Inc. I Cambridge, Mass. 1 .  
(New York Academy of Sciences, Conference on Geological Problems 
in Lunar Research, New York, N. Y . ,  May 16-19, 1964, Paper .  ) 
New York Academy of Sciences, Annals, vol. 123, July 15, 1965, 
p. 656.670. 44 refs.  
Contracts No. NAS8-1567; No. AF 19( 268)-421. 
Review of the computations of the heat balance of the lunar 
surface layer during a lunation in relation to measurements of 
thermal properties of postulated lunar surface materials.  Micro- 
meteoroid impacts and the lunar photometric and polarization data 
a r e  discussed. Details of the testing of a variety of foam, powder, 
and solid matena ls  a r e  presented. It i s  concluded that the thermal  
parameters  obtained f rqm the heat balance during a lunation differ 
considerably from those of  unconsolidated particles measured  in the 
laboratory and that the discrepancies suggest that the surface i s  
not composed solely of unconsolidated particles. Sintered materiais 
or  highly vesiculated rocks appear to be more  representative of 
A6544245 
THE CASE FOR A COHESIVE LUNAR SURFACE MODEL. 
J. D. Halajian (Grumman Aircraf t  Engineering Corp. , Bethpage, 
N.Y.).   , .  
(New York Academy of Sciences. Conference on Geological Problems 
in l u n a r  Research, New York. N. Y. , May 16-19, 1964, Paper .  ) 
New York Academy of Sciences, Annals, vol. 123, July 15, 1965, 
D. 671-710: Discussion. B. W. Haoke lCornell Universitv. Center - I ~.~~~ ,. 
for  Radiophysics and Space Research, Ithaca, N. Y. ) , p. 710. 37 
refs.  
Research  sponsored by the Grumman Aircraft  Engineering Corp. 
Investigation of the nature of the lunar surface material .  
experimental  approach, consisting of "model-matching" and 
"environment-simulation," i s  used. With the f i r s t  technique, it i s  
found that the photometric and radiothermal signatures of the moon 
complement one another a s  they coverge toward an "underdense- 
hard" mater ia l  (bulk density < 1 gm/cm3) .  such a s  rock froth o r  
slag. 
ing of dust  particles in an ultrahigh vacuum provides a genetic clue 
to  the cohesive lunar surface mater ia l  suggested by the model- 
matching experiments. Two major  conclusions a r e  made: (1) it i s  
not necessary  to stipulate the existence of a layer of dust on the 
moon in order  to account for the measured  lunar photometric and 
radiothermal data; and (2) a "homogeneous underdense-cohesive 
silicate" model ( i. e. , rock froth or  sintered slag) reconciles the 
high porosity and low ( k p c )  -112 indicated. respectively, by the 
latest  lunar photometric and radiothermal measurements;  cohesion- 
less  so i l s ,  a t  whatever density. do not. It i s  noted that this model 
i s  consistent with either a volcanic or  meteorit ic activity on the 
moon. M. L. 
An 
With the latter technique, it i s  found that the extensive st ick- 
A6544246 
EFFECTS O F  A SIMULATED SOLAR WIND ON THE PHOTOMETRIC 
PROPERTIES OF ROCKS AND POWDERS. 
Bruce  Hapke (Cornel1 University, Center for Radiophysics and 
~~ 
ces ,  Annals, vol. 123, July 
Grant No. NsG-382. 
bombardment by 2-kv hydrogen ions of various rock and rock Powders, 
including quartz,  granite, basalt ,  and dunite. 
polarization, and color of the target materials a r e  compared before 
and af te r  irradiation by means  of photometric measurements.  It 1s 
found that a l l  naturally occurring rocks and powders were affected 
by the irradiation. and that the effects observed included loss of 
color and a reduction in albedo. The darkening is believed to be 
due to  three  different mechanisms: 
hydrogen. differential collection of sputtered mater ia l ,  and dif-  
fe ren t ia l  sputtering of heterogeneous materials.  
clusions a r e  drawn: (1) that solar wlnd bombardment has been 
demonstrated to drastically affect the color and albedo of rocky 
mater ia l s  and that consequently, inferences about lunar surface 
mater ia l s  made on the basis of resemblances to t e r r e s t r i a l  rocks 
must  be regarded with grea t  suspicion and (2) proton irradiation of 
fine rock powders changes their  photometric charac te r i s t ics  so a s  
to more  closely resemble lunar characterist ics - thus strongly 
supporting the hypothesis that the lunar sur face  i s  everywhere 
covered with fme rock dust. 
Experimental  lnvestlgation of the effects of prolonged 
The intensity, 
chemical reduction by atomic 
Two major  con- 
M. L. 
A6544248 
SOME RESULTS O F  PHOTOMETRIC AND COLORIMETRIC COM- 
PARISON O F  TERRESTRIAL VOLCANIC CRUSTS WITH THE 
LUNAR SURFACE. 
30 
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V. V. Sharonov. 
(New York Academy of Sciences, Conference on Geological Problems 
in Lunar Research,  New York, N. Y. , May 16-19, 1964, Paper. 
New York Academy of Sciences. Annals, voL 123. July 15, 1965, 
p. 740-750. 7 refs.  
Summary of the resulis obtained when albedo, color data, and 
diffusion diagrams a r e  made for certain types of so i l  of volcanic 
origin now existing on earth. The data a r e  compared with those 
obtained ear l ie r  for the lunar surface. 
these volcanic t e r r e s t r i a l  soils - such a s  slag,  lapilli, and sand - 
have a notable similarity to those observed on the moon, with 
respect to their  dark  color and sharp  elongation of their  reflection 
diagrams toward the light source. 
possible that the presence on the moon of such coverings is entirely 
possible, judging f rom photometric data. It is noted that if i t  were 
possible to discover nonperiodic changes in color in smal l  regions 
of lunar surface,  this would be a strong argument for the existence 
of currently active volcanoes on the moon. 
It is found that certain of 
It is concluded that it is therefore 
(Author) M.L. 
A6534249 
INTERPRETATION O F  LUNAR SURFACE FEATURES. 
Kar l  Krejci-Graf (Frankfurt, UniversitSt, Geologisch-PalSontolo- 
gisches Institut, Frankfurt  am Main, West Germany).  
(New York Academy of Sciences. Conference on Geological Problems 
in Lunar Research,  New York, N. Y . ,  May 16-19, 1964, Paper. ) 
New York Academy of Sciences. Annals, vol. 123, July 15, 1965, 
p. 751-755. 
assessing the lunar sur face  features. 
meteorit ic impacting a r e  briefly considered. 
thought to be veins o r  c racks  formed hy a central  impact or explosion 
is explained. 
continued physical weathering, especially when there i s  vacuum in 
the pores, and it i s  therefore considered improbable that there a r e  
any thick m a s s e s  of dust on the moon, with the exception of accumu- 
lation on the toes of slopes. M. 1.. 
Review of some of the major  considerations involved in correctly 
Rays, c ra te r  shapes, and 
Why rays  a r e  not 
It is noted that dust is the best protection against 
A6544250 
PHOTOMETRIC DATA FOR AND AGAINST THE PRESENCE O F  
WIDELY DISTRIBUTED VOLCANIC ACTNITY ON THE MOON. 
N. N. Sytinskaia (Leningrad University. Leningrad, USSR). 
(New York Academy of Sciences, Conference on Geological Problems 
in Lunar Research,  New York, N. Y. , May 16-19, 1964. Paper . )  
New York Academy of Sciences, Annals, voL 12.3. July 15, 1965, 
p. 756-767. 7 re fs .  
properties,  published by the special  laboratory of Planetary As- 
tronomy of Leningrad University, in order  to make comparisons 
with similar lunar data. 
geological specimens is expressed in the form of a coefficient of 
brightness (coefficient of diffusion), u = BIBo. where B is the 
brightness of the samples  in given direction by illuminating the 
samples  with a beam of parallel  rays,  which fall normally on a 
sur face ,  and BO the brightness of an absolutely white surface (albedo 
equal to unity),  at the same intensity of illumination. 
that for  the range 0.03 C II < 0.22, the closest  correspondence with 
lunar sur face  data is given, respectively, by volcanic slag and by 
lapilli. All data a r e  summarized in three tables, listing the color 
indices and brightness coefficients for selected lunar features.  and 
the brightness coefficients and color indices for t e r r e s t r i a l  and 
ex t ra te r res t r ia l  materials.  It i s  deduced that the rust-colored 
cover  on the moon and other nearby bodies of the solar system 
originated as the resu l t  of exogeneous factors,  chiefly the impact 
of meteorites.  M. L. 
Review of geological data according to color and reflective 
Reflectivity of samples  of t e r r e s t r i a l  
It is found 
Photographic study of the dim, fine structure of part  of the 
Mare  Irnbrium a s  a s t a r t  of such a study for lunar a r e a s  in general. 
Some modifications of standard photographic technique a r e  made in 
order  to clarify faint markings. 
paper and of retouching t o  increase contrast a r e  i l lustrated,  and 
the association of c ra te rs  along the line of some of the rays  is 
discussed. It is concluded that the general  resemblance between 
these  faint patterns of spots and lines and the patterns of c r a t e r s  
and bright ray  systems is strong enough to show that they a r e  of the 
same genus. It is thought that the existence of these patterns ap- 
p e a r s  to contradict any hypothesis of a deep dust layer (although 
it possibly favors a shallow layer). The data a r e  also considered 
t o  oppose a hypothesis that the c ra te rs  and cra te r le t s  observed so 
commonly along bright rays  a r e  direct  results of secondary impacts 
f r o m  the formation of a parent ringed plain or other c ra te r .  
M. L. 
The effects of printing on softer 
A6534252 
MORPHOLOGICAL FEATURES O F  THE LIBRATORY REGION O F  
THE MOON. 
S. Miyamoto (Kyoto University, Kwansan Observatory. Kyoto, 
Japan). 
(New York Academy of Sciences, Conference on Geological Problems 
i n  Lunar Research,  New York. N. Y., May 16-19. 1964. Paper.  ) 
New York Academy of Sciences, Annals, voL 123, July 15. 1965, p. 
776-796. 6 refs. 
Comparison of the morphological features of the c r a t e r s  of the 
libratory region of the moon with those of the maria and the reverse  
side. Fourteen photographs of the l ibratory region, under varying 
light conditions. a r e  presented. The various kinds of c r a t e r s  found 
a r e  morphologically classified in a sequence: normal  c r a t e r s  with 
bright and ra ther  rough floors in continental a reas ,  c r a t e r s  with 
d a r k  and flat f loors,  and partly ruined c r a t e r s  and ghost c r a t e r s  
i n  maria. It is  suggested that the possible controlling parameter  
of this sequence may be the decreasing thickness of silicic crust .  
The origirns nf m a r i a  i n  the libratory region and of circular mar ia  
and crater formation processes in continents and m a r i a  a r e  con- 
sidered. M. L. 
A65-34253 
AN EVALUATION O F  THE REPORTED LUNAR CHANGES. 
Patrick Moore. 
(New York Academy of Sciences, Conference on Geological Problems 
in Lunar Research,  New York. N. Y. , May 16-19, 1964, Paper.  ) 
New York Academy of Sciences, Annals, vol. 123, July 15, 1965, 
p. 797-810. 56 refs.  
Review of the evidence supporting the idea that lunar changes 
have occurred. All reported changes a r e  classified into one of three 
categories: (1) structural  changes, such a s  c r a t e r s  which vanish 
(Linn;), c r a t e r s  o r  other features that appear (Hyginus N) , alterna- 
tions over a wider a r e a  (Madler's Square). and, changes in size or 
shape (Messier];  ( 2 )  obscurations and long-term changes in bril- 
liancy; and (3) outbreaks (Alphonsus, 1958) associated with reddish 
patches that pers i s t  after the actual outbreak is over. All events 
in the f i r s t  two categories a r e  completely discounted, after a 
thorough review. Although some doubt remains,  it i s  concluded 
that some category 3 events have actually occurred and that there 
is indeed activity on the moon. 
Alphonsus red patches and of the Aristarchus bands a r e  presented. 
Possible explanations of the 
M. L. 
A6544255 
RHYOLITE ASH-FLOW PLATEAUS, RING-DIKE COMPLEXES, 
CALDERAS, LI3WLITHS. AND MOON CRATERS. 
Wolfgang E. Elston (New Mexico, University, Dept. of Geology, 
Albuquerque. N. Mex. ) .  
(New York Academy of Sciences, Conference on Geological Problems 
New York Academy of Sciences, Annals, vol. 123, July 15, 1965, 
p. 817-842. 84 refs. 
A65-3425 1 
THE FAINT RAY SYSTEMS. 
Dinsmore Alter. 
in Lunar New N 'Y '  ' May l6-I9, 1964* Paper. 
New York Academy of Sciences, Annals, vol. 123. July 15. 1965. 
p. 768-775. Grant No. NGR-32-004-0ll. 
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Examination of the data in support of the idea that t e r r e s t r i a l  
volcano-tectonic depressions the size and approximate shape of 
large moon cra te rs  possibly exist 
These depressions are the ring-dike complexes, whose roots,  
exposed in deeply eroded te r ra ins ,  a r e  better known than their 
surface features, which, it is noted, mus t  be sought in the great 
rhyolrte ash-[Low plateaus. An example of such a plateau, the 
Mogollon plateau, of southwestern New Mexico, i s  presented. The 
rocks.  geological s t ruc ture  and history, and petrogenesis a r e  
analyzed. The significance of the Mogollon plateau lies in the 
possibility that it represents a type of ring-dike s t ruc ture  common 
throughout the ear th ,  but in an unusually good state of preservation. 
When restored to its probable pre-erosion appearance, it bears a 
striking resemblance to some of the la rger  lunar c ra te rs .  M. L. 
and may in fact be quite common. 
A6544256 
THE CALDERA ANALOGY IN SELENOLOGY. 
G. J. H. McCall (Western Australia, University, Per th ,  Australia). 
(New York Academy of Sciences, Conference on Geological Problems 
in Lunar Research, New York, N. Y . ,  May 16-19, 1964, Paper.  ) 
New York Academy of Sciences, Annals. vol. 123, July 15, 1965, 
D. 843-875. 47 re fs .  
Reconsideration of the analogy between lunar surface patterns 
and patterns of volcano-tectonic origin, drawn by Spurr  and r e -  
i terated by Grpen, Poldervaart ,  and McCall. It i s  suggested that 
lunar c r a t e r  patterns a r e  quite easy to understand if the physical 
disparity between t e r r e s t r i a l  and lunar surface conditions and internal 
conditions i s  fully takenintoconsideration. This leads to the conclusion 
that, in respect to the eruptive products, an analogy should be 
drawn between t e r r e s t r i a l  volcanic gas emission (and associated 
fumarolic deposits) and lunar volcanism, rather than the familiar 
analogy involving common types of silicate-melt effusion, such as 
basalts. 
provide a f a r  better basis for  meaningful comparison than any 
consideration of the volcano products, and such comparison reveals 
similari t ies and systematic relationships which a r e  compatible 
with a form of volcanlsm but not with any hypothesis of large-scale 
cratering by the agency of random meteorite impact and explosion. 
The  large lunar c r a t e r s  a r e  interpreted a s  surface cauldrons, 
genetically closely related to t e r r e s t r i a l  calderas.  It i s  concluded 
that such cauldrons cannot be divorced from systems of intersecting 
fracture lines (mostly pan-lunar) which t raverse  the lunar surface; 
c r a t e r s  and lineaments a r e  considered to comprise an integrated 
volcano-tectonic pattern. (Author) M. L. 
The nature of the volcano-tectonic patterns i s  believed to 
A6544257 
ASTROBLEMES, LUNAR CRATERS, AND MARIA. 
Robert S. Dietz (U. S. Coast and Geodetic Survey, Washington, 
D. C. 1. 
(New York Academy of Sciences, Confcrence on Geologtcal Problems 
In Lunar Rrsear:h, New York. K. Y . ,  May 16-19, 1964, Paper.  ) 
New York Academy of Sciences, Annals, v o l .  123, J u l y  15. 1965, 
P. 895 ,  896. 
Short description of some t e r r e s t r i a l  s t ruc tures  of impact- 
explosive origin a s  part  of a n  attempt to relate them to  lunar 
s t ruc tures  of similar appearance. Particular s t r e s s  i s  laid on 
shatter-coned structures a s  presumed astroblemes, including the 
Steinheim Basin structure in Germany and the Wells Creek  Basin 
s t ruc ture  in Tennessee. It i s  suggested that, although much work 
remains to be done, there may be astroblemes on ear th  that a r e  
analogous to both lunar c r a t e r s  and maria.  M. L. 
A6544259 
ANALOGUES OF LUNAR CRATERS ON THE CANADIAN SHIELD. 
K.  L. Curr ie  (Geological Survey of Canada, Ottawa, Canada).  
(New York Academy of  Sciences, Conference on Geological Problems 
In Lunar Research, New York. N. Y. , May 16-19, 1964, Paper.  ) 
New York Academy of Sciences, Annals, vol. 123, July 15, 1965. 
p. 915-940. 33 refs. 
discovered in the a r e a  of the Canadian Precambr ian  Shield, which 
appear to have some obscure genetic connection with c r a t e r s .  
Description of 13 craterl ike objects and 7 "basins" recently 
For 
the purposes of the study, a c ra te r  i s  defined a s  a roughly circular 
feature combining distinct a r e a s  of positive and negative relief,  
e. g. , a rimmed pit o r  a pit with a central  peak. 
of the structures a r e  examined and compared. 
Canadian c r a t e r s  occur along a great welt on the craton raised since 
late Palaeosoic t ime and that the si te of the c r a t e r s  i s  determined 
by local structural  features,  usually faults. Such c r a t e r s  axe con- 
sidered to form by uparching f rom below followed by collapse. 
The continental distribution of c ra te rs ,  it i s  concluded, shows that 
their  root cause must be deep seated, possibly related to an up- 
welling of volatile-rich mater ia l  f rom the mantle. It i s  thought 
that if the moon i s  a terrestrial-type planet, a similar evolution 
with a similar result  i s  a strong possibility, but proof waits on 
detailed s t ruc tura l  and petrographic examination on the lunar ground. 
The charac tens t ics  
It is noted that 
M. L. 
A6544262 
INTERPRETATION O F  RANGER VII PHOTOGRAPHS. 
Jack  Green (North American Aviation, Inc., Space and Information 
Systems Div., Space Sciences Laboratory,  Downey. Calif. ). 
(New York Academy of Sciences. Conference on Geological Problems 
in  Lunar Research, New York, N. Y.  , May 16-19. 1964. Paper . )  
New York Academy of Sciences, Annals, vol. 123, July 15, 1965, 
p. 999-1002. 
of volcanic bomb c r a t e r s  in Kaneakakoi, Hawaii. 
tion of four processes a r e  considered to explain the formation of 
lunar c ra te rs :  (1) impacts of primary meteorites,  (2) secondary 
impact of ejecta blocks thrown out from pr imary  meteorit ic impact, 
(3)  secondary impact f rom volcanic bombs or pyroelastics. and (4) 
m a a r  or  gas explosion cratering. Two maps ,  one traced f rom a 
Ranger photograph and the other f rom a volcanic bomb field, a r e  
presented for comparison. Secondary impact i s  considered to be 
one of the dominant mechanisms for the formation of smal l  lunar 
craterlets.  It i s  pointed out that volcanic bombs could be thrown 
at  least  LO t imes farther on the moon than on the earth. 
Comparison of some Ranger VU photographs with photographs 
One or  a combina- 
M. L. 
A6544267 
THE LUNAR ORIGIN O F  TEKTITES. 
J. J. Gilvarry (General Dynamics Corp.,  Genera l  DynamicsIAstro- 
nautics. Space Science Laboratory, San Diego, Calif. ). 
(New York Academy of Sciences,  Conference on Geological Problems 
in Lunar Research. New York. N. Y., May 16-19, 1964, Paper.  ) 
New York Academy of Sciences, Annals, vol. 123, July 15, 1965, 
p. 1061-1081. 71 refs. 
Review of the evidence on the origin of tektites in the light of 
Gilvarry's  theory of the formation of the lunar surface features. 
An effort is made to a s s e s s  the possible objections to the theory, 
particularly those tending to imply a t e r r e s t r i a l  origin of tektites. 
The nature of the lunar sur face  and the evidence for lunar origin 
of tektites a r e  considered. 
lunar origin for  tektites would imply the very significant corollary 
that,  because the specific gravity of the tektites ( 2. 3 to 2. 5) i s  
considerably less  than that for  the moon's average (3. 3 ) ,  the lunar 
interior could not be homogeneous, and that the c r u s t  mus t  be 
lighter than the core. 
past the moon would have had to become a chemically differentiated 
body; it would therefore be ineluctable that the selenology of the 
moon differ only in degree  from the geology of the earth,  and not 
in kind. Although the origin of tektites IS considered a contentious 
subject. it  i s  concluded that the weight of the evidence favors a 
lunar origin. M. L. 
It i s  noted that demonstration of a 
It follows from this that sometime in i ts  
465-34270 
SELECTION O F  ROCK STANDARDS FOR LUNAR RESEARCH. 
J a c k  Green  (North American Aviation, Inc. , Space and Information 
Svstems Div. , Downev. Calif. 1. 
(New York Academy of Sciences,  Conference on Geological Problems 
in Lunar Research ,  New York, N. Y. , May 16-19, 1964, Paper.  ) 
New York Academy of Sciences,  Annals, vol. 123, July 15, 1965, 
p. 1123-1147. 9 refs.  
Contract No. A F  19(628)-3292. 
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Study of the petrography, reflectance, electrolytic hygrometry, 
and differential  thermal  analysis of a variety of igneous rocks in an 
effort  to set  up rock standards for r e sea rch  on lunar surface materials. 
Meteoritic standards a r e  not included because there is not enough 
mater ia l  for  hulk quantity experiments. Selection is made on the 
basis of what might be the span of r e sea rch  to be performed on 
them, convenience of collection within a geographical a rea ,  
uniformity with respect  to chemistry and texture. abundance for 
truly hulk quantity research ,  and what might be termed a lunar 
rationale. It is noted that the choice of the standards has h e n  
dictated by the need for  a mineralogically, chemically, and textural- 
ly variable se t  of rocks. 
been collected within a 160-km radius of Bend, Oregon. 
included in an appendix for  six rocks: 
tuff. obsidian, altered rhyolite, serpentine. and granodiorite. 
With one exception, a l l  the samples have 
Data a r e  
basalt,  tholeiitic, semiwelded 
M. L. 
A6534271 
INVESTIGATION O F  WATER EXTRACTION PROCESSES FOR USE 
ON THE MOON. 
A. E. Wechsler. P. E. Glaser ,  and A. E. Germeles (Arthur  D. 
Little, Inc. , Cambridge, Mass. ). 
(New York Academy of Sciences, Conference on Geological Problems 
in h a r  Research, New York, N. Y. ,  May 16-19, 1964, Paper. ) 
New York Academy of Sciences. Annals. v o l  123, July 15, 1965, 
p. ll48-1159. 19 refs. 
Contract No. AF 19(628)-3279. 
The types of water deposits expected on the moon a r e  briefly 
discussed. and two types of water extraction processes  for these 
deposits a r e  considered - in situ processes  and processes using 
mined deposits. 
for severa l  processes  a r e  presented, and the engineering problems 
imposed by the lunar environment a r e  discussed. 
Theoretical study of possible lunar water extraction processes. 
Energy requirements and water production rates  
u L. 
A65-34272 
USE O F  GEOPHYSICAL MEASUREMENTS I N  LUNAR SURFACE 
ANALYSIS. 
Richard A Geyer and Jack R. Van Lapik (Texas Instruments. Inc., 
Dallas, Tex. ) . 
Survey of geophysical measurements  to demonstrate their  use 
in solving major  lunar problems by direct  measurements and by 
using specific lunar geologic models. 
tional problems caused by lunar environmental or logistic con- 
straints is included. a s  well as  tbe resul ts  of a few geophysical 
surveys of t e r r e s t r i a l  features  having possible lunar analogs. 
Although the geophysical methods a r e  summarized, emphasis 1s 
placed on gravity, seismic.  magnetic, and electric methods. 
noted that the usefulness of this approach depends on the ability to 
determine ear ly  in the lunar exploration program the origin of 
specific lunar surface features. 
A br ief  discussion of opera- 
It is 
M. L. 
A6544814 
THE FAR SIDE OF THE MOON. 
Y. N. Lipsky (Moscow State University. Institute of Astronomy. 
Dept. for  Lunar and Planetary Physics. Moscow, USSR). 
Flight International. vol. 88. Sept. 23, 1965. p. 554-556. 
of the moon. 
temperature  only takes place on the side of the moon turned toward 
ear th .  
to such s h a r p  var ia t ions.  
were taken i n  such a manner  that they included the Eastern marginal 
zone a s  seen f r o m  the e a r t h  and consequently made it possible to 
place the 500 objects revealed on the hidden side in a single seleno- 
graphic  sys t em of coordinates. The identified formations on the 
marginal s ide,  moreover ,  served as specimens f o r  analyzing new 
details .  
and photograpbed pract ical ly  a l l  of the previously unknown part  of 
the moon's sur face ,  which appears to  be br ighter  and more moun- 
tainous than the visible side. 
Analysis of the data and photograpbs available of the f a r  side 
During lunar  eclipses a sha rp  short  change in the 
The surface of the hidden side,  however, is not subjected 
The Lunik 3 photographs of Oct. 1959 
In July 1965 the Zond 3 automatic space station was launched 
D.P.F.  
A6545359 
PRESSURE EFFECTS ON WSTULATED LUNAR MATERIALS. 
A. E. Wechsler and P. E. Glaser (Arthur D. Little, Inc., Div. 
500, Cambridge, Mass.). 
Icarus, vol. 4, Sept. 1965, p. 335-352. 
Contracts No. AF 19(628)-421; No. AF  19(628)-3279; No. NAS 8 -  
1567. 
porous, and powder racks and minerals. 
thermal conductivity probe methods for measurement of thermal  
conductivity of these mater ia ls  a r e  described. Experimental data 
on the effects of p re s su re  f rom 
temperatures  from 100 to 400°K on the thermal  conductivity of solid, 
porous. and powder racks a r e  reported. The resul ts  a r e  discussed 
in terms of possible lunar surface mater ia ls .  (Author) M.F. 
61 refs. 
Review of l i terature data  on the thermal  conductivity of solid, 
The line heat source and 
t o r r  to atmospheric and 
A6545362 
RILLES. RIDGES. AND DOMES - CLUES TO MARIA HISTORY. 
William Quaide (NASA, Ames Research Center, Space Sciences 
Div., Moffett Field, Calif.). 
Icarus. vol. 4, Sept. 1965, p. 374-389. 
Study of the lunar  ri l les,  maria ridges. and mar i a  domes 
which a r e  spatially associated with low a r e a s  of the lunar surface, 
the maria, and immediately adjacent krrae. The spatial associa-  
tion implies a genetic relationship. The morphology and st ructural  
setting of most  of the rilles suggest that they a r e  tectonic features  
of tensional origin produced by downward bending of maria borders 
during a stage of m a r i a  foundering. The domes and ridges were 
most likely produced by small  central eruptions o r  by laccolithic 
intrusions. Most of the ridges appear to  be volcanic s t ructures  
which grew above dike feeders  during the last  s tages  of maria filling. 
Age relationships and s t ructural  settings of the r i l l es  and ridges 
further suggest that the formation of these features  took place in 
sequence, ridges and domes followed by ri l les.  It is suggested he re  
that this sequence of events occurred repeatedly during a long histo- 
ry  of maria growth and that the mar i a  grew to  their  present  s izes  by 
successive stages of volcanic inundation and collapse. 
maria probably resulted f rom a simple enlargement of initially 
circular depressions whereas the i r regular ly  shaped mar i a  resulted 
from a coalescence of two or  more growing basins or  depressions. 
(Author M. F. 
8 refs.  -
Circular  
A6545363 
A GEOLOGICAL MODEL O F  MARE HUMORUM. 
Lucian0 B. Ronca (USAF, Office of Aerospace Research, Cambridge 
Research Laboratories. Lunar-Planetary Research Branch, Bedford, 
Mass.). 
Icarus, vol. 4, Sept. 1965, p. 390-395. 
hypothesis. 
observations of the origin of the vittae (rays), r i l les,  wrinkle 
ridges, and faults. In this model, Mare Humorum consis ts  of a 
basin which subsided by tilting and normal faulting. 
is deduced f rom the observation of the par t ia l  flooding of Gasaendi 
and Dopplemeyer. on the north and south shores  of the Mare,  re -  
spectively. 
linear features  and the vittae, which are interpreted as being loci 
of sublimate deposition along inframare faults. 
with volcanic mater ia l  which behaves incompetently with respect 
to the basement. 
due to compression resulting from the subsidence. 
tures of the competent basement material, due to tension s t resses  
occurring a t  the hinge a r e a s  of the subsiding basin and may be 
grabens and/or  superficial dikes. 
for Mare Humorum could have originated by impact, but endogenous 
tectonism is the p r imary  factor responsible for  the present  s t ructure .  
(Author) M. F. 
11 refs .  
Study of a model of Mare  Humorum presented as a working 
The model was deduced by combining theories  and 
The tilting 
The faulting is deduced from the location of several  
The basin is filled 
Wrinkle ridges a r e  features  of the volcanic cover 
Rilles a r e  fea- 
The crustal  weakness responsible 
A6535364 
D W I T Y  O F  MATTER ASSEMBLED FROM RANDOMLY INCIDENT 
PARTICLES. 
33 
A65-35367 
A. G. W. Cameron and Paul  B. Schneck (NASA. Goddard Space 
Flight Center,  Goddard Institute for Space Studies, New York, 
N.Y.). e, vol. 4, Sept. 1965, p. 396-398. 
Review of the discovery hy Hapke and Van Horn that the r e -  
markable photometric properties of the moon can be reproduced 
f rom sur faces  composed of smal l  dark  grains which have been able 
to  fall together individually. Such grains halt upon contact and the 
resulting structures are underdense by factors of 7 to  10. An inves- 
tigation has  been c a r r i e d  out to find the effects on the s t ruc ture  
density of variations, in the grain sizes and shapes, of their  angles 
of incidence. Geometrical shapes representing gra ins  were  a s s e m -  
bled into structures using Monte Carlo techniques and a computer. 
The ra t ios  of bulk density to  grain density were found to be: uniform 
radius spheres,  isotropic incidence, 0.1136; uniform radius spheres,  
vertical  incidence, 0.1380; spheroids, vertical  incidence, 0.1476; 
variable radius spheres.  vertical  incidence, 0.1706. These num- 
b e r s  agree  with the observed bulk densities of the s t ruc tures  p r e -  
pared by Hapke and Van Horn. (Author) M. F. 
A65-35367 
OBSERVATIONS O F  THE MOON AND O F  THE TERRESTRIAL 
ROCKS IN THE INFRARED. 
A. B. Binder,  D. P. Cruikshank, and W .  K. Hartmann (Arizona, 
University, Lunar and Planetary Laboratory and Dept. of Geology, 
Tucson, Ariz.) .  
Icarus ,  vol. 4, Sept. 1965, p. 415-420. 
surface types of the moon in the IR f rom 1.0 to  2.2 6 and a cor re la -  
tion of these differences with variations in t e r r e s t r i a l  rocks.  The 
color of the moon was  found to be very uniform in the IR (1.0 to  2.2 
p ) .  Intensity ratios relative to the sun varied by l e s s  than 5% over 
most  of the ten points studied. These points included mar ia ,  uplands, 
and recent c ra te rs .  One point, a bright a r e a  near  the c r a t e r  Kant. 
was  found to  be bluer than the others by more  than 570. The A r i s t a r -  
chus plateau was the reddest point observed. T e r r e s t r i a l  rock s a m -  
ples generally were found much l e s s  red than the mqon a t  these wave- 
lengths. The IR intensity ratios of volcanic rock aamples irradiated 
by Hapke with a beam of 2.0-kev Ht ions for the lunar equivalent of 
about 2.5 x lo5 y r  approached the lunar IR intensity ratios.  This 
supports Hapke's hypothesis that solar irradiation i s  the principal 
agent producing the unusual spec t ra l  curve and low albedo of the 
lunar surface.  (Author) M.F.  
8 r e f s .  -
Detection of distinguishmg colorimetric properties of the various 
A65-35368 
MORPHOLOGICAL ASPECTS OF THE LUNAR CRUST. 
S. Miyamoto (Kyoto, University, Kwasan Observatory. Kyoto, 
Japan). 
Icarus ,  vol. 4. Sept. 1965, p. 421-424. 
Ritter.  Alphonsus, and others which suggest the basaltic magmatism 
on the moon. These c r a t e r s  a re  located in m a r i a  or  near  the coas ta l  
line, and cra te r  f loors a r e  gray o r  dark.  
photographs of c ra te rs  with bright floors in t e r r a ,  but their  profiles 
suggest that  lunar t e r r a  may not be so sil icic as t e r r e s t r i a l  conti- 
nents. The ultrabaslc nature of lunar m a r i a  s eems  obvious by their  
unique morphological aspect that the surface is extremely flat and 
covered with soft depressions.  Provided that lunar t e r r a  is basalt ic 
and m a r i a  a r e  ultrabasic, it can be inferred that magmatic differen- 
tiation at  the time of crustal  formation remained a t  i t s  ear l ies t  stage. 
(Author) M.F. 
11. 
Study of the morphological features of the c r a t e r  f loors of 
There a r e  no detailed 
A6545371 
THE LUNAR CRATER DIONYSIUS. 
Vern G. Smalley (USAF. Office of Aerospace Research, Cambridge 
Research  Laboratories. Lunar-Planetary Research  Branch, Bedford,  
Mass .  ). 
Icarus.  vol. 4. Sept. 1965, p. 433-436. 
Description and discussLon of Dionyaius, a lunar crater with a 
white halo and dark rays .  
print  of a photographic negative f rom the 61-in. reflector a t  the us 
Naval Observatory. R.A.F. 
The description i s  i l lustrated by a contact 
A 6 5 4 5 8 0 9  # 
PHYSICAL PROPERTIES O F  THE LUNAR SURFACE [FIZICHESKIE 
SVOISTVA LU NNOI POVERKHNOST I]. 
E .  L. Ruskol. 
Kosmicheskie Issledovaniia, vol. 3, May-June 1965, p. 395-407. 
51 refs.  In Russian. 
Review of papers on the lunar surface published in the USSR 
and abroad in the last three years ,  mentionlng Ranger 7 and 8 
photographic Information. The outermost thm surface layer,  the 
parametric inhomogeneities over the lunar dlsk. the factors shaping 
the lunar surface,  the behavior of volatlle substances, the history 
of the lunar atmosphere, the current manifestatlons of degassing. 
and the subsurface thermal gradient a r e  discussed at  length in the 
light of the latest  data. v. Z. 
A6546258 # 
THE SPECTRAL DEPENDENCE O F  LUNAR EMISSIVITY. 
Frank H. Murcray (Denver, University, Dept. of Physics,  Denver, 
COlO. ). 
Journal of Geophysical Research, vol. 70, Oct. 1, 1965, p. 4959- 
4962. 8 refs.  
Grant No. NsG-518. 
10.4 p region of the IR spectrum a s  a function of wavelength with 
a resolution better than 0.2 p .  Measurements were taken f r o m  a 
high-altitude station (elevation 11,500 feet)  to minimize the cor rec-  
tions required for  atmospheric absorption. 
obtained after correction a r e  not compatible with gray- or black- 
body radiation at  any temperature.  Emissivit ies calculated On the 
basis of a 120OC lunar surface temperature vary  f rom near  unity 
a t  8.5 p to 0.90-0.93 in the region f rom 10.0 to  10.4 p .  
Measurement of the radiance of the lunar surface in the 8 .0  to 
The radiance values 
(Author) M. F. 
AM-36555 # 
CONSIDERATlON O F  THE AVERAGING EFFECT O F  AN ANTENNA 
RADIATION PATTERN IN MEASURING LUNAR RADIO EMISSION 
[UCHET USREDNIAIUSHCHEGO DEISTVIIA DIAGRAMMY NA- 
PRAVLENNOSTI ANTENNY PRI IZMERENIIAKH RADIOIZLUCHE - 
NIIA LUNY]. 
V. D. Krotikov (Gorfkovskii Gosudarstvennyl Universitet. 
Nauchno-Issledovatel'ski1 Radlofizicheskii Institut, Gorki, USSR). 
Radiofizika, vol. 8, no. 3, 1965, p. 453-460. 24 refs. In Russlan. 
Discussion of the c h a r a c t e n s t i c s  of lunar radio emission, con- 
sidering the averaging effect  of the antenna radlatlon pattern. The 
function of surface temperature distribution i s  determined on the 
basis of the author 's  previous calculatlons of the thermal  reglme 
of the lunar surface layer. Using the function, theoretlcal  expres- 
sions a r e  set up that relate radio emission from the disk center to 
the averaged radio emission obtained when the antenna radlatlon 
pattern 1s taken into account. It i s  shown that the lunar radlo emis-  
sion received with an antenna radiation pattern wlder than 40' i s  v i r -  
tually integral  emission. 
be determined more  accurately than usually f rom measurements 
Using the method, the parameter 61 can 
with any antenna radiation pattern. v. Z. 
1966 
IAA ENTRIES 
A66-10274 ?# 
DENSITY VARIATIONS OF THE SURFACE LAYER O F  
WITH DEPTH [OB IZMENENII PMTNOSTI LUNITA V GLUBINE 
V PRIPOVERKHNOSTNOM S M E ] .  
Iu. G. Matveev, G. L. Suchkin, and V. S. Troitskii. 
Astronomicheskii Zhurnal,  vol. 4 2 .  July-Aug. 1965, p. 810-816. 
17 refs.  In Russian. 
lunite constructed on the basis of available astronomical and radar  
LUNITE 
Pre l iminary  resu l t s  of a study of a micros t ruc tura l  model of 
34 
. 
A66- 1 3338 
data on radio wave reflectance from the lunar surface. The depen- 
dence of the reflection factor on the wavelength, revealed by a 
comparison of radio astronomical and radar observations, i s  inter-  
preted as indication of a possible lunite-density increase by a factor 
of L 5 to 2. 0 within the surface layer. F r o m  theoretical  considera- 
tions and reflection-factor spectral  data obtained with a digital 
computer. it is suggested that the lunite density may increase about 
1. 5 t imes  to a depth of about 4 cm,  remaining then stable to a con- 
siderably grea te r  depth. v. 2. 
A66-10312 
Robert C. Speed, Douglas B. Nash, and Neil L. NicWe (California 
Institute of Technology, J e t  Propulsion Laboratory, Pasadena, 
Calif.). 
IN: ADVANCES IN X-RAY ANALYSIS. VOLUME 8 .  
New York, Plenum P r e s s ,  1965. p. 400-419. 
analysis of lunar  rocks from an unmanned, soft-landed spacecraft. 
The objective of this experiment is the identification of rock- 
forming phases  and estimation of their abundances, compositions, 
and other data which a r e  indicative of the nature of genetic processes  
on the moon. A 2:l scanning parafocusing geometry was success- 
fully miniaturized for this purpose by Par r i sh ,  and a complete 
diffraction system based on the design is in preparation. The d i f -  
fractometer including high-voltage power supply weighs 18 lb. OC- 
cupies 0.9 ft3, and requires 56 W of continuous power. A sample 
acquisition and preparation system will be an integral par t  of the 
diffractometer. Diffraction analyses of a rhyolite, basalt,  and 
chondritic meteorite a r e  given as example. of the capabilities and 
limitations of rock analysis by this method. (Author) 
A LUNAR X-RAY DIFFRACTION EXPERIMENT. 
14 re fs .  
A n  X-ray diffraction system is under development for  remote 
A66-11465 # 
THE SYSTEM O F  LUNAR CRATERS, QUADRANT 111. 
D. W. G. Arthur,  Alice P. Agnieray. Ruth H. Pellicori, C. A. 
Wood, and T. Weller. 
COMMUNICATIONS OF THE LUNAR AND PLANETARY LABORATO- 
RY. VOLUME 3 (Number 50). 
Tucson, University of Arizona P r e s s ,  1965. 
Grant  No. NsG-161-61. 
with reasonable certainty on photographs and having a diameter  
grea te r  than 3. 5 km. The designation, diameter,  position, central  
peak information, and state of completeness a r e  listed for  each of 
these c ra te rs .  A total of 5200 items a r e  to be found in the catalog, 
which is illustrated by a map in eleven sections. 
161 p. 
Catalog of a l l  c r a t e r s  in the third lunar quadrant recognizable 
A. B. K. 
A66-11493 
COMMUNICATIONS O F  THE LUNAR AND PLANETARY LABORATO- 
RY. VOLUME 3 (Numbers 41-49). 
Tucson, University of Arizona P r e s s ,  1965. 
CONTENTS; 
GEOGRAPHIC COORDINATES OF THE CATALINA STATION. 
G. Van Biesbroeck. p. 3-6. 
THE PERIOD OF REVOLUTION O F  URANUS' SATELLITE 
MIRANDA. G. VanBiesbroeck.  p. 7,  8. [SeeA66-11494 02-30] 
THE ORBIT O F  COMET 1947 VI (WJRTANEN). 
G. Van Biesbroeck. p. 9-11. 6 refs. [See A66-11495 02-30] 
PRELIMINARY DRAWINGS OF LUNAR LIMB AREAS. 
Alika K. Herring. p. 13. [See A66-11496 02-30] 
PRELIMINARY DRAWINGS O F  LUNAR LIMB AREAS. 
Alika K. Herring. p. 15, 16. [See A66-11497 0)-301 
EXPERIMENTAL INVESTIGATIONS ON ELECTROSTATIC 
FILTER LENSES WITH WIDE IMAGE ANGLES. Alvar P. Wilska 
and J. A. den Boer ,  p. 17-21. 15 refs.  [See A66-11498 02-14] 
NUMERICAL CALCULATIONS ON A WIDE ANGLE FILTER 
LENS. J. A. den Boer  and Alvar P. Wilska. p. 23-26. 11 refs.  
[See A66-11499 02-14] 
USE BETWEEN 1900 AND 3400A. 
Gerard  P. Kuiper. p. 33-60. [See A66-11500 02-30] 
61 p. 
N. 
V. 
TRANSMITTANCES OF SOME OPTICAL MATERIALS FOR 
VOLCANIC SUBLIMATES ON EARTH AND MOON. 
S. F. Pellicori ,  p. 27-32. 
A66-11500 #$ 
VOLCANIC SUBLIMATES ON EARTH AND MOON. 
Gerard P. Kuiper. 
IN: COMMUNICATIONS O F  THE LUNAR AND PLANETARY 
LABORATORY. VOLUME 3 (Numbers 41-49). 
Tucson. University of Arizona P r e s s ,  1965, p. 33-60. 
Contract No. JPL-95077. 
Analysis of two groups of photographs of Liamana Volcano, 
Hawaii, for their relevance to lunar studies. 
of eleven black and white and two color illustrations of the 1960 
eruption, showing among other factors the resulting cover of 
sublimates on much of the mountain; the other group is composed 
of aerial  photographs which show many secondary impact c r a t e r s  
that formed on Laimana 's  slopes, a s  well a s  remaining sublimates 
on the c ra te r  r i m s  and other hot spots. The two sets of pictures 
a r e  thought to well i l lustrate the process  of secondary c ra te r  for- 
mation, and also the production of a sublimate cover as an accom- 
partying feature of the volcano-building process. 
One group consists 
B. B. 
A6612186 
THE CRATER DIAMETER-DEPTH RELATIONSHIP FROM RANGER 
VU PHOTOGRAPHS. 
Ralph B. Baldwin (Oliver Machinery Co., Grand Rapids, Mich. ) . 
Astronomical Journal, vol. 70, Oct. 1965, p. 545-547. 
The shapes of the c ra te rs  shown in the Ranger VI I  photographs 
a r e  in excellent accord with the shapes of smal l  t e r r e s t r i a l  impact 
c ra te rs ,  even though some of the lunar c r a t e r s  considered a r e  
diffuse and of secondary impact origin. Data f rom R E  1-5 charts 
produced by Aeronautical Chart  and Information Center have been 
compared with the logarithmic diameter-vs-depth curve f rom The 
Measure of the Moon which best fitted the t e r r e s t r i a l  meteorit ic 
c ra te rs  and lunar c r a t e r s  f rom 1 t o  20 mi les  in diameter. 
AM-1 2455 
M A R I A  SURFACE OF THE MOON. 
S. Miyamoto (Kyoto University. Institute of Astrophysics, Kwasan 
Observatory. Kyoto, Japan). 
International Lunar Society, Journal, vol. 2, Dec. 1964, p. 132-136. 
The nature and formation of the surface of the lunar maria a r e  
treated with regard to the new features revealed by the Ranger VII 
photographs. 
with soft depressions and that the smallest  pits a r e  distributed a t  
random. 
m a r e  is  ultrabasic and that the original magma contained abundant 
gaseous components. 
differentiation took place a t  the time of crustal  formation and hence 
(Autho r ) the first separation of lunar t e r r a  f r o m  mar ia .  
(Author) 
It is seen  that the surface of the mar ia  is  covered 
It seems to suggest that the sur face  rock of the lunar 
This leads to the conclusion that magmatlc 
A66-12756 * 
INCIDENT LUNAR EMISSION ON ORBITING SURFACES. 
Lloyd M. Candell (Aerojet-General Corp., Astrionics Div., Azusa. 
Calif. ). 
(American Institute of Aeronautics and Astronautics, Annual 
Meeting, 1st. Washington. D. C., June 29-July 2, 1964, Paper  
64-336.) 
Journal of Spacecraft and Rockets, "01. 2, Nov. -Dec. 1965, 
p. 964, 965. 
[For abstract  see Accession no. A64-20176 16-28] 
A66-13338 
RADIATION SINTERING OF LUNAR DUST. 
R. Smoluchowski (Princeton University, Princeton, N. J. ). 
Science, vol. 150, Nov. 19, 1965, p. 1025, 1026. 18 refs. 
variously suggested that nearly all the moon's surface is covered 
by a layer of fine dust. 
this layer is exceedingly porous and that the micron-size particles 
cast  shadows whenever the angle of the incident light i s  not normal. 
Protons in the solar wind displace atoms in the grains of lunar dust. 
These atoms may, through diffusion, sinter the dust layer into a 
partly coherent but still highly porous structure. 
position of the lunar surface is  not known, but the presence of 
various hard  oxides such a s  quartz and magnesium oxide i s  sus- 
pected. M. F. 
Study of the problem of the lunar dust layer. It has been 
Optical evidence seems to indicate that 
The exact com- 
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A66-13895 
TENUOUS SURFACE LAYER ON THE MOON - EVIDENCE DERIVED 
FROM RADAR OBSERVATIONS. 
Tor  Hagfors, Richard A. Brockelman. Haines H. Danforth. 
Leonard B. Hanson, and Gerald M. Hyde (Massachusetts Institute 
of Technology, Lincoln Laboratory. Lexington. Mass. ). 
Science, vol. 150. Nov. 26, 1965, p. 1153-1156. 17 r e f s .  
in moon investigations and indicating that the lunar surface 1s covere< 
by a tenuous layer. Observations of the moon were made by radar  
backscattering. They showed a systematic difference between the 
backscattering coefficient of waves polarized in. and perpendicular 
to. the local plane of incidence. The resul ts  are stated to be in 
agreement with a model cons~st lng of a tenuous top layer a t  l eas t  
10 cm thlck, supported by a denser  underlying layer.  M. M. 
Description of a polarization technique in radar  astronomy used 
AM-15332 * 
INAPPLICABILITY O F  BALDWIN'S RELATION FOR DETERMINING 
THE CAUSES O F  THE FORMATION OF LUNAR CRATERS [0 NE- 
PRIMENIMOSTI SOOTNOSHENIIA BOLDUINA DLIA OPREDELENIIA 
PRICHIN VOZNIKNOVENIIA LUNNY KH KRATEROV]. 
G. S. Shteinberg (Akademiia Nauk SSSR, Sibirskoe Otdelenie, 
Institut Vulkanologii, Kamchatka, USSR). 
AkademiiaNaukSSSR, DoMady, vol. 165, Nov. 1, 1965, p. 55-57. 
14 re fs .  In Russian. 
lunar c ra t e r s  and terrestr ia l  meteoritic craters .  
comparison of calderas and lunar c ra t e r s ,  i t  is shown that, although 
lunar c ra t e r s  satisfy the relations established for  explosim c ra t e r s ,  
i t  does not follow that they a r e  of meteoritic origin, since these 
relations a r e  also valid for volcanic objects. 
Consideration of the applicability of Baldwin's relation between 
On the basis of a 
A. B. K. 
AM-15758 
THE MOON. 
John A. 0' Keefe (NASA, Goddard Space Flight Center, Greenbelt, 
Md.). 
IN: INTRODUCTION TO SPACE SCIENCE (Professional Edition) 
Edited by W .  N.  Hess. 
New York, Gordon and Breach Science Publishers, Inc.. 1965, 
p. 631-667. 23 re fs .  
Account of the present understanding of the s t ructure  and 
origin of the moon. 
to the rr.oon i s  made, and the moon' s morphology i s  outlined. 
assumed that the moon' s surface consists of a very fibrous s t ruc-  
ture.  
radio, radar  and polarization. The geophysical problems and the 
chemistry of the moon a r e  a l s o  consldered. Present  concepts of 
the origin of the moon a r e  discussed a t  length. 
A study of the known geometrical facts relating 
It i s  
The surface properties discussed include optical properties,  
M. F. 
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BALANCE OF ENDOGENIC TO EXOGENIC ENERGY I N  LUNAR 
CRUST. PROPOSING N I N E  ORDERS OF GEOMORPHIC 
FEATURES FOR EARTH AND MOON A 6 5 - 3 4 2 3 6  
EARTH SURFACE 
SPECTRAL R E F L E C T I V I T Y  OF LUNAR SURFACE COMPARED 
WITH SPECTROPHOTOMETRIC DATA ON TERRESTRIAL 
VOLCANIC ROCKS AN0 S I M I L A R I T I E S  FOUND 
A65-25695 
PALEOVOLCANIC O R I S I N S  OF MARIA CONSIDERING 
HOMOGENEITY AN0 INTERNAL HEAT, CONVECTION 
CURRENTS1 CHEMICAL REACTIONS, ETCI AN0 MAKING 
COMPARISONS WITH EARTH SURFACE 
A 6 5 - 3 4 2 3 4  
LUNAR AND TERRESTRIAL SURFACE FEATURES COMPARED BY 
MEANS OF TRANSPARENT P L A S T I C  OOWE AN0 EARTH AN0 
A 6 5 - 3 4 2 4 1  MOON GLOBES OF I D E N T I C A L  S I Z E  
PETROGRAPHIC COMPARISON OF EARTH AN0 LUNAR 
SURFACES BASED ON COLOR AN0 LUMINOSITY 
R S I C - 3 4 4  N 6 5 - 1 5 1 2 0  
ECONDMICS 
EXPLOITATION OF LUNAR YATER RESOURCES. EQUIPMENT 
DESIGN AN0 ADAPTATION. SUPPLYI LOCATIONI 
EXTRACTION* ELECTROLYSIS, L IQUEFACr lON.  AN0 
ECONOMIC A N A L Y S I S  
G S F / M E C k 6 4 - 4 1  N 6 5 - 2 0 4 4 2  
ELECTRIC DISCHARGE 
LUNAR CRATER FORMATION ATTRIBUTED TO ELECTROSTATIC 
DISCHARGE BETWEEN EARTH AN0 MOON DURING 
FORMATION A b 5 - 1 5 6 3 7  
ELECTROLYSIS 
EXPLOITATION OF LUNAR YATER RESOURCES. EQUIPMENT 
DESIGN AND ADAPTATION, SUPPLY, LOCATION, 
EXTRACTION. ELECTROLYSIS*  LIQUEFACTION, AN0 
ECONOMIC A N A L Y S I S  
GSF/MECH-64-41 N 6 5 - 2 0 4 4 2  
ELEClROMASNETIC RADIATIOW 
POLARIMETRY MEASUREMENTS OF ELECTROMAGNETIC 
R A D I A T I O N  REFLECTED FROM LUNAR SURFACE 
RM-276 N66-10482 
ELECTRDIIAGNETIC SCATTERING 
ACOUSTIC SIMULATION OF LUNAR AND OTHER ROUGH 
SURFACES TO STUDY ELECTROMAGNETIC YAVE REFLECTION 
AN0 SCATTERING A 6 5 - 3 2 6 7 2  
RELATION OF ELECTROMAGNETIC SCATTERING PROPERTIES 
OF LUNAR SURFACES AN0 LUNAR SURFACE FEATURES 
NASA-CR-57313 N 6 5 - 1 9 7 6 8  
1-3 
ELtL IROSTATIC EROSION SUBJECT INDEX 
POLARIZED RADAR WAVES USED FOR DETERMINING LOCAL 
S T A T I S T I C A L  ELECTROMAGNETIC BACKSCATTERING 
PROPERTIES OF LUNAR OR OTHER PLANETARY SURFACE 
NASA-CR-69202 N 6 6 - 1 4 9 6 2  
ELECTROSTATIC EROSION 
LUNAR CRATER FORMATION ATTRIBUTED TO ELECTROSTATIC 
DISCHARGE BETWEEN EARTH AND MOON DURING 
FORMATION A 6 5 - 1 5 6 3 7  
ENERGY D I S T R I B U T I O N  
BALANCE OF ENDOGENIC TO EXOGENIC ENERGY I N  LUNAR 
CRUST, PROPOSING N I N E  ORDERS OF GEOMORPHIC 
FEATURES FOR EARTH AND MOON A65-34236 
ENERGY REQUIREMENT 
SURFACE ROUGHNESS PROFILE FOR OETERMINING LUNAR 
NEGOTIATING SMALL OBSTACLES 
NASA-TM-X-56451 N 6 5 - 2 4 7  17 
ROVING VEHICLE ENERGY REQUIREMENTS FOR 
ENVIRONMENT S I M U L A T I O N  
LUNAR ENVIRONMENT EFFECTS ON BEARING CAPACITY OF 
SIMULATEO LUNAR S O I L  AND SHEAR STRENGTH BASE0 ON 
PENETROMETER MEASUREMENTS 
ASME PAPER WA/AV-13 A 6 5 - 1 9 1 0 2  
MODEL MATCHING AN0 ENVIRONMENT SIMULATION 
TECHNIQUES FOR EVALUATING NATURE OF LUNAR SURFACE 
MATERIAL 165-34245 
SIMULATION OF LUNAR S O I L  AND ENVIRONMENT - VACUUM 
TECHNOLDGYI SURFACE CHEMISTRYI AN0 S O I L  
MECHANICS 
RE-197J ~65 -13842  
PROPERTIES OF SIMULATEO LUNAR S O I L S  I N  LUNAR 
ENV I RONMENT 
NASA-CR-57281 N 6 5 - 1 9 7 7 5  
PHYSICAL PROPERTIES OF MATERIALS I N  SIMULATEO 
LUNAR SURFACE ENVIRONMENT - ADHESIONS R A D I A T I O N  
DAMAGE, THERMAL AN0 ELECTROSTATIC EFFECTS 
AFCRL-64-970/11/ N 6 5 - 2 2 4 5 1  
ENVIRONMENT SIMULATION FOR STUDY OF LUNAR SURFACE 
PROPERTIES 
AFCRL-64-970 N 6 5 - 2 6 2 3 2  
PHOTOMETRIC MEASUREMENTS OF SIMULATED LUNAR 
SURFACES 
NASA-CR-65083 N 6 5 - 3 0 0 5 0  
EPHEMERIS 
EPHEMERIDES FOR P O S I T I O N  DETERMINATION ON LUNAR 
SURFACE - LUNAR SIDEREAL TIME AND AUTOMATIC 
THEODOLITE FOR LUNAR SELENOGRAPHIC P O S I T I O N  
DETERMINATIONS N 6 5 - 2 1 2 2 4  
F 
F A I L U R E  MODE 
SUITABLE LUNAR LANDING SYSTEM CONSIDERING BEARING 
CAPACITY AND F A I L U R E  MODES OF LUNAR SURFACE 
MATERIALS N ~ S - 1 ~ 3 7 4  
F I N E  STRUCTURE 
F I N E  STRUCTURE OF ABSORPTION CROSS-SECTION OF 
GASES I N  ULTRAVIOLET AND ANALYSIS OF RAY SYSTEM 
OF LUNAR CRATER TYCHO 
NASA-CR-56924 N 6 5 - 3 2 1 1 2  
FLARE 
CHEMICAL FLARE FOR ANALYSIS OF CHEMICAL 
COMPOSITION AND PHYSICAL STRUCTURE OF LUNAR 
SURFACE - SPECTROSCOPIC, COMBUSTION, IMPACT, AND 
C O M P A T I B I L I T Y  TESTS 
NASA-CR-69194 N 6 6 - 1 4 9 6 8  
FLOW EQUATION 
T E K T I T E  FORMATION B Y  LUNAR ASH FLOW PROPOSEOt 
CALCULATING PRESSUREt TEMPERATURE AND VOIDAGE OF 
ASH FLOY FROM NONLINEAR EQUATION 
A 6 5 - 3 2 6 7  1 
F L Y I N G  
LUNAR OUST/DEBRIS HAZARDS ASSOCIATED WITH MANNED 
F L Y I N G  SYSTEM 
NASA-CR-61106 N 6 6 - 1 0 7 0 3  
F R I C T I O N  
ULTRAHIGH VACUUM FRICTIONAL-ADHESIONAL BEHAVIOR 
OF S I L I C A T E S  FOR LUNAR SURFACE STUDIES 
NASA-CR-62220 N 6 5 - 2 1 7 7 0  
G 
GAS EVOLUTION 
SOURCE OF EVOLUTION OF GAS FROM LUNAR CRATER 
ALPHONSUS ATTRIBUTED TO EXPLOSION OF ACETYLENE 
A 6 5 - 1 5 1 4 1  
GEOGRAPHY 
LUNAR WATER EXPLORATION TECHNIQUES - GEOLOGICAL 
AND GEOGRAPHICAL METHODS A P P L I E D  TO LUNAR 
SURFACE AND SUBSURFACE MODELS 
AFCRL-64-814 N 6 5 - 1 5 2 8 4  
GEOL06Y 
BALANCE OF ENDOGENIC TO EXOGENIC ENERGY I N  LUNAR 
CRUSTI PROPOSING N I N E  ORDERS OF GEOMORPHIC 
FEATURES FOR EARTH AND MOON A 6 5 - 3 4 2 3 6  
LUNAR WATER EXPLORATION TECHNIQUES - GEOLOGICAL 
AN0 GEOGRAPHICAL METHODS A P P L I E D  TO LUNAR 
SURFACE AND SUBSURFACE MODELS 
AFCRL-64-814 N ~ S - m e 4  
GEOPHYSICS 
GEOPHYSICAL MEASUREMENTS AN0 TECHNIQUES FOR 
SOLVING LUNAR PROBLEMS A 6 5 - 3 4 2 7 2  
GRAVITATIONAL EFFECT 
D E F L U I D I Z A T I O N  AS OPERATIVE TERRESTRIAL AN0 LUNAR 
PROCESS CONSIDERING DIFFERENCES I N  TIME AND PLACE, 
TIOALI THERMAL AN0 G R A V I T A T I V E  EFFECTS, 
LUMINESCENCEI SURFACE MORPHOLOGY, ETC 
A 6 5 - 3 4 2 3 0  
H 
HARMONIC FUNCTION 
SELENOOETIC CONTROL SYSTEM OERIVATIONS OF 
LUNAR SURFACE HARMONIC C O E F F I C I E N T S  
01-62-0443 N 6 6 - 1 0 3 7 3  
HARMONIC MOTION 
LUNAR SURFACE HARMONIC C O E F F I C I E N T S  AS DETERMINE0 
BY SELENOOETIC CONTROL SYSTEM OF U.S. ARMY MAP 
SERVICE COMPARED WITH OTHER D E R I V A T I O N S  
~65-26047 
HAZARD 
LUNAR OUST/DEBRI S HAZARDS ASSOCIATED WITH MANNED 
F L Y I N G  SYSTEM 
NASA-CR-61106 N 6 6 - 1 0 7 0 3  
HEAT BALANCE 
HEAT BALANCE OF LUNAR SURFACE LAYER DURING 
LUNATION RELATE0 TO MEASUREMENTS OF THERMAL 
PROPERTIES OF POSTULATED LUNAR SURFACE MATERIALS 
A 6 5 - 3 4 2 4 4  
HEAT FLUX 
HEAT FLUX FROM LUNAR E M I S S I O N  I N C I D E N T  ON SURFACE 
I N  CIRCULAR O R B I T  AS FUNCTION OF ORBITAL 
PARAMETERS 
A I A A  PAPER 64-336 ~66-12756  
HEAT TRANSFER 
COMPUTER PROGRAM TO SOLVE HEAT CONDUCTION EQUATION 
I N  LUNAR SURFACE FOR TEMPERATURE-DEPENDENT 
THERMAL PROPERTIES 
NASA-CR-64833 N 6 5 - 3 3 5 3 6  
HYPERVELOCITY CRATERING 
LUNAR CRATERS FROM HYPERVELOCITY IMPACTS AN0 
MECHANISMS FOR CRATERING AND M O D I F I C A T I O N  
MODIFICATIONS B y  GRAVITY SLIDING, NOTING OTHER 
A 6 5 - 3 4 2 3 9  
I 
INFRARED ASTRONOMY 
COLORIMETRIC PROPERTIES OF LUNAR SURFACE FEATURES 
I N  I R  AND CORRELATION I N  TERRESTRIAL ROCKS 
A 6 5 - 3 5 3 6 7  
1-4 
SUBJECT INOEX LUNAR CRATER 
I I d F R M H )  PHOTOGRAPHY RECENT DATA ON LUNAR ATMOSPHERE, TOPOGRAPHY, 
INFRARED AN0 WONINFRARED PHOTOGRAPH COMPARISON OF ORIGIN, INTERNAL STRUCTURE, AN0 SURFACE 
LUNAR SURFACE TEMPERATURE N65-23807 
FT lbTT-65 -90 /1C2  W S - 2 T 5 8 7  
RADIO AN0 RADAR ASTRONOMY - LUNAR AN0 PLANETARY 
INFRARED SPECTRUM IOWOSPHERES. ATMOSPHERES, AN0 SURFACES, AN0 
I R SPECTRAL DEPENDENCE OF LUNAR E M I S S I V I T Y  ON RADAR STUDIES OF SUN AN0 INTERPLANETARY MEDIUM 
WAVELENGTH A65-36258  NASA-CR-67794 N66-10609  
INSTRUMENTATIM( L U I A R / M W N  - ATMOSPHERE. THERMAL ENVIRONMENTw 
LUNAR AN0 PLANETARY X-RAY DIFFRACTION PROGRAM - MAGNETIC F IELD,  SURFACE STRUCTURE. COMPOSITIONt 
INSTRUMENTATION, MINERALOGY, AN0 PETROLOGY MOTION. AND ROTATION, AN0 TOPOGRAPHY 
NASA-CR-67178 M5-34950 N66-  10995 
INSTRWlEMTATIOW PROGRAM 
INSTRUMENTATION DEPLOYMENT I N  LARGE ARRAYS BY 
METHOD APPLICABLE FOR USE ON LUNAR SURFACE 
I NASA-CR-63950 N 6 5 - 2 9 1 9 1  
IMTERPLAMETARY SPACE 
RADIO AND RADAR ASTRONOMY STUDIES OF LUNAR AND 
PLANETARY ATMOSPHERES AN0 SURFACES, AN0 RADAR 
STUDIES OF SUN AN0 INTERPLANETARY MEDIUM 
NASA-CR-57184 1165-18944 
L 
LABORATORY 
F I E L D  AN0 LABORATORY STUDIES OF SHOCK AN0 CRATER 
PHENOMENOLOGY OF MOON 
NASA-CR-60515 N65-16266 
I L IBRATIOW RELATIVE H E I 6 H T  F I N D I N G  METHODS FOR PHYSIOGRAPHIC 
FEATURES OF LUNAR TOPOGRAPHY - L I B R A T I O N  AN0 
TERMINATOR METHODS OF PHOTOGRAPHIC ASTROMETRY 
AFCRL-65-431  N66-14322  
L I F E  SUPPORT SYSTEM 
LUNAR RESOURCE EXTRACTION AN0 U T I L I Z A T I O N  I N  L I F E  
SUPPORT AN0 PROPELLANT SYSTEMS A65-21355  
L I W T  S W T T E R I M G  
CHARACTERISTIC L l b H i - X i i i E R i i i t  C G S K S  Far! 23 
MAGMATIC ROCKS USE0 TO DETERMINE REFLECTION LAYS 
FOR LUNAR SURFACE COMPARISON A65-25693  
L I N B  
DATA SUPPORTING PHYSICAL LUNAR CHANGES EVALUATED 
AN0 CLASSIF IED.  NOTING EXPLANATION OF ALPHONSUS 
REO PATCHES AN0 ARISTARCHUS BANDS 
A65-34253  
LIPUEFACTIOW 
EXPLOITATION OF LUNAR N I T E R  RESOURCES, EQUIPMENT 
DESIGN AN0 ADAPTATION, SUPPLY. LOCATIONI 
EXTRACTION. ELECTROLYSIS, LIQUEFACTION. AN0 
ECONOMIC ANALYSIS  
GSFIMECH-64-41 N 6 5 - 2 0 4 4 2  
LOA0 TEST 
LUNAR ENVIRONMENT EFFECTS Ow BEARING CAPACITY OF 
SIMULATED LUNAR S O I L  AN0 SHEAR STRENGTH BASED ON 
PENETROMETER MEASUREMENTS 
ASME PAPER YA/AV-13 A65-19102  
LUMINESCENCE 
SOLAR R A O I A T I O N  FACTORS INVOLVED I N  LUMINESCENCE 
FROM LUNAR SURFACE 
01-82-0410 N65-27663  
LUNAR BASE 
LUNAR FORMATION HYPOTHESES AN0 PHYSICAL FEATURES 
DEDUCE0 FROM SPACE PROBE DATA Y I T H  REGARO TO 
BUILDING STRUCTURE DESIGN AN0 R A D I A T I D l  S H I E L D I N G  
A 6 5 - 2 2 9 2 9  
LUNAR COMI IUNICATIW 
VERTICALLY W L A R I Z E O  MEDIUM FREQUENCY RADIO NAVES 
FOR OVER LUNAR HORIZON COMMUNICATION SYSTEM FOR 
LUNAR MOBILE LABORATORY / MOLAW MISSION - 
NASA-CR-61045 N65-22972  
APOLLO PROJECT 
LUNAR COMPOSITION 
LUNAR/MOON - ATMOSPHERE, THERMAL ENVIRONMENT, 
MA6NETIC F IELD,  SURFACE STRUCTURES COMPOSITION. 
MOTION, AN0 ROTATION, AN0 TOPOGRAPHY 
N66-10995  
LUNAR CRATER 
CENTRAL PEAKS I N  LUNAR CRATERS ATTRIBUTED TO 
METEORITE IMPACT AN0 PENETRATION 
165-15341 
LUNAR CRATER FORMATION ATTRIBUTED TO ELECTROSTATIC 
DISCHARGE BETWEEN EARTH AN0 MOON DURING 
FORMATION A65-15637  
STOCHASTIC MODEL FOR OBSERVABLE D I S T R I B U T I O N  OF 
OIAMETERS OF LUNAR CRATERS A65-17766  
ELECTROPHtJTDnETRIC MEASUREMENTS OF COLOR EXCESSES 
AN0 I N D I C E S  OF LUNAR CRATERS A65-20087  
DIAMETER D I S T R I B U T I O N  OF YOUNG AN0 OLD CRATERS ON 
LUNAR QUADRANTS I AN0 11, NOTING 
I M P L I C A T I O N  FOR CRATER AN0 MARE FORMATION 
A65-23263  
SMALL LUNAR CRATER D I S T R I B U T I O N  AN0 FREQUENCY S I Z E  
DETERMINED BY LEAST SQUARES REGRESSION ON B A S I S  OF 
RANGER V I 1  PHOTOGRAPHS A65-25018  
SECULAR VARIATIONS OF METEORITIC AN0 ASTEROIDAL 
FLUXES I N  EARTH- MOON REGION. USING LUNAR CRATERS 
AS RECORDS OF METEORITIC IMPACTS 
A65-26048  
O R I G I N  OF LUNAR CRATERS BY ANALYZING SURFACE 
O I S T R I B U T I O N  OF CRATERS OF GIVEN DIAMETER 
A65-31182  
DIRECTIONAL ABSORPTIV ITY CHARACTERISTICS OF 
CONICAL C A V I T I E S  AN0 USE AS THERMAL MODEL FOR 
LUNAR METEOR CRATERS 
A I A A  PAPER 65-669 A65-33346  
PHOTOELECTRIC PHOTOMETRY* LUMINESCENCE, AN0 CONVECTIVE O R I G I N  OF LUNAR CRATERS NOTING 
POLARIMETRY OF LUNAR SURFACE - SELENOGRAPHY POLYGONAL SHAPE, FLAT BOTTOM. E T C t  SHOYING THAT 
NASA-CR-58739 N65-29491  CONVECTIVE CURRENTS OCCURRED PRIOR TO 
LABORATORY S IMULATION OF LUUINESCENCE OF POSSIBLE 
LUNAR SURFACE PROPERTIES INCLUDING RANGE OF METEORITIC O R I G I N  OF LUNAR CRATER C I T I N G  AS 
METEORITES EVIDENCE CRATER DIMENSIONS AS FUNCTIONS OF SIZE,  
AFCRL-65-656 N66-12050  NOTING VOLCANIC O R I G I N  OF SOME CRATERS 
S O L I D I F I C A T I O N  1165-34235 
A65-34237  
LUMINOSITY 
PETR06RAPHIC COMPARISON OF EARTH AN0 LUNAR CRATERING INTERRUPTION BY DEPOSITION OF THICK 
SURFACES BASE0 ON COLOR AN0 LUMINOSITY BLANKET OF MATERIAL I N  STUDY OF CRATER FREQUEWY 
R S I C - 3 4 4  N65- 15 120 EVIDENCE FOR VOLCANISM I N  LUNAR HIGHLANDS I 
A65 -34238  
LUNAR ATMOSPHERE 
INSTRUMENTATION DESIGN FOR LUNAR EXPLORATION, LUNAR CRATERS FROM HYPERVELOCITY IMPACTS AN0 
CONSIOERING LUNAR ATMOSPHERE AN0 SURFACE MODIF ICATIONS BY GRAVITY SLIDING. NOTING OTHER 
PROPERTIES A 6 5 - 2 6 5 2 4  MECHANISMS FOR CRATERING AN0 WOOIFICATION 
I 1-5 
LUNAR CRUST SUBJECT INDEX 
A65-34239  
COMPARISON OF MORPHOLOGICAL FEATURES OF LUNAR 
CRATERS OF LIBRATORY REGION WITH THOSE OF MARIA 
AN0 REVERSE SIDE, NOTING C L A S S I F I C A T I O N  OF CRATERS 
A65-34252  
DATA SUPPORTING IDEA THAT TERRESTRIAL VOLCANO- 
TECTONIC DEPRESSIONS RESEMBLING MOON CRATERS 
E X I S T ,  NOTING MOGOLLON PLATEAU I N  NEW MEXICO 
A65-34255  
ANALOGY BETWEEN LUNAR SURFACE PATTERNS AN0 
PATTERNS OF VOLCANO-TECTONIC ORIGIN, ORAWN BY 
SPURR AN0 REITERATED BY GREEN, POLOERVAART AN0 
MC CALL A65-34256  
TERRESTRIAL STRUCTURES OF IMPACT-EXPLOSIVE O R I G I N  
RELATE0 TO LUNAR STRUCTURE OF S I M I L A R  APPEARANCE 
NOTING ASTROBLEMES, LUNAR CRATERS AN0 MARIA 
A65-34257  
LUNAR CRATER ANALOGUES ON CANADIAN PRECAMBRIAN 
PHOTOGRAPHS 165-34259 
RANGER V I 1  PHOTOGRAPHS COMPARE0 WITH HAWAI IAN 
PHOTOGRAPHS OF VOLCANIC BOMB CRATERS SUGGEST 
SECONDARY IMPACT AS MECHANISM FOR FORMATION OF 
LUNAR CRATERLETS 1 6 5 - 3 4 2 6 2  
LUNAR CRATER FLOOR MORPHOLOGY SUGGESTING BASALTIC  
MAGMATISM ON MOON A65-35368  
LUNAR CRATER OIONYSIUS A 6 5 - 3 5 3 7 1  
ASTROGEOLOGIC STUDIES FOR SPACE F L I G H T  PROGRAM - 
LUNAR GEOLOGY, CRATER INVESTIGATIONSI SPACE 
CHEMISTRYI PETROGRAPHYt AN0 PHOTOMETRY 
SHIELD, PRESENTING MOSAIC OF VERTICAL A I R  
NASA-CR-59125 ~ 6 5 - 1 3 7 8 4  
LUNAR GEOLOGIC MAPPING PROGRAM SUMMARY OF 
PLANETARY INVESTIGATIONS,  CRATER AN0 S O L I 0  STATE 
INVESTIGATIONSI AN0 COSMIC CHEMISTRY AN0 
PETROLOGY 
NASA-CR-60509 N65-16264  
LUNAR AND PLANETARY INVESTIGATIONS - STRATIGRAPHY, 
GEOLOGIC MAPPING, CRATER EVOLUTIONS INFRARED 
EMISSION AN0 REFLECTED V I S I B L E  R A O I A T I O N  FROM 
MOON* PHOTOELECTRICITY AN0 PHOTOMETRY 
NASA-CR-60510 N65-16265  
F I E L O  AN0 LABORATORY STUDIES OF SHOCK AN0 CRATER 
PHENOMENOLOGY OF MOON 
NASA-CR-60515 N 6 5 - 1 6 2 6 6  
OBSERVABLE PROPERTIES OF CRATERS I N  SECOND LUNAR 
QUAORANT 
NASA-CR-57208 ~ 6 5 - i a 9 3 7  
SPECTROPHOTOMETRIC OBSERVATIONS OF LUNAR CRATERS 
R S I C - 3 6 1  N65-21020  
FINE STRUCTURE OF ABSORPTION CROSS-SECTION OF 
GASES I N  ULTRAVIOLET AN0 ANALYSIS  OF RAY SYSTEM 
OF LUNAR CRATER TYCHO 
NASA-CR-56924 N 6 5 - 3 2 1 1 2  
STOCHASTIC MOOEL OF FORMATION AN0 SURVIVAL OF 
LUNAR CRATERS - APPROXIMATE D I S T R I B U T I O N  OF 
DIAMETER OF A L L  OBSERVABLE CRATERS 
RM-4681-PR ~65-36715  
STOCHASTIC MOOEL OF DISAPPEARANCE OF CRATERS DUE 
TO F I L L I N G  BY OUST OR LAVA 
RM-4682-PR N 6 5 - 3 6 7 8 3  
CATALOG OF A L L  CRATERS I N  THIRD LUNAR QUADRANT 
RECOGNIZABLE ON PHOTOGRAPHS AN0 HAVING DIAMETER 
GREATER THAN 3.5 KM A 6 6 - 1 1 4 6 5  
VOLCANIC SUBLIMATES AN0 SECONDARY IMPACT CRATERS 
OF LIAMANA VOLCANO, HAWAI I ,  WITH REFERENCE TO 
LUNAR CRATERS A 6 6 - 1 1 5 0 0  
LUNAR CRATER-OIAMETER-DEPTH RELATIONSHIP  FROM 
TERRESTRIAL IMPACT CRATER PARAMETERS 
RANGER V I 1  PHOTOGRAPHS I N  EXCELLENT ACCORD WITH 
A66-  12 186 
I N A P P L I C A B I L I T Y  OF BALOWIN RELATION FOR 
DETERMINING CAUSES OF LUNAR CRATER FORMATION 
A66-15332  
OESIGNATION. OIAMETERt POSIT ION,  CENTRAL PEAK 
INFORHATIONt AN0 STATE OF COMPLETENESS OF 
CRATERS I N  THIRD LUNAR PUAORANT 
NASA-CR-68590 N 6 6 - 1 3 3 6 4  
D I S T R I B U T I O N  AN0 NATURE OF SECONOARY LUNAR CRATERS 
AS PHOTOGRAPHED BY RANGER V I 1  - HYPOTHESIS OF 
MOONQUAKES 
01-82-0415 N 6 6 - 1 4 5 5 0  
STRUCTURES INSIDE LUNAR CRATER PHOTOGRAPHED ey 
RANGER V I 1  LUNAR PROBE N 6 6 - 1 4 6 4 4  
PHOTOGRAPHS OF VOLCANIC SURFACES ON EARTH FOR USE 
I N  INTERPRETING LUNAR CRATER PHOTOGRAPHS - 
CALCULATIONS OF O R B I T  OF COMET AN0 PERIOD OF 
REVOLUTION OF MOON OF URANUS 
NASA-CR-69204 N 6 6 - 1 4 9 5 9  
LUNAR CRUST 
VAPOR CONTENT I N  O R I G I N A L  MAGMA AN0 THICKNESS OF 
O R I G I N A L  CRUST OF MOON, NOTING RANGER V I 1  
PHOTOGRAPHS A 6 5 - 1 7 7 6 9  
LUNAR LANDSCAPE TECTONIC MAP AN0 CAUSES OF CRUSTAL 
STRESSES INCLUDING CRATER RIMS, CENTRAL PEAKS, 
CRATER CHAINS AN0 L I N E A R  MARE RIDGES 
A 6 5 - 2 3 2 6 4  
BALANCE OF ENDOGENIC TO EXOGENIC ENERGY I N  LUNAR 
CRUST, PROPOSING N I N E  ORDERS OF GEOMORPHIC 
FEATURES FOR EARTH AN0 MOON A 6 5 - 3 4 2 3 6  
LUNAR CRATER FLOOR MORPHOLOGY SUGGESTING BASALTIC  
MAGMATISM ON MOON A 6 5 - 3 5 3 6 8  
PHOTOMETRIC MEASUREMENT OF TERRESTRIAL ROCK 
SPECIMENS TO REPRODUCE LUNATION CURVES OF MOON 
SURFACE 
NASA-CR-65169 N 6 6 - 1 1 8 7 6  
LUNAR DUST 
T E K T I T E  FORMATION BY LUNAR ASH FLOW PROPOSEOt 
CALCULATING PRESSURE, TEMPERATURE AN0 VOIOAGE OF 
ASH FLOW FROM NONLINEAR EQUATION 
A 6 5 - 3 2 6 7 1  
A L K A L I  METALS EVOLUTION FROM ROCKS MELTED I N  
LABORATORY UNDER ULTRAHIGH VACUUM CON01 T I  ONS AS 
POSSIBLE LUNAR EROSION MECHANISM 
1 6 5 - 3 3 3 4 3  
STOCHASTIC MDOEL OF DISAPPEARANCE OF CRATERS DUE 
TO F I L L I N G  BY OUST OR LAVA 
RM-4682-PR N 6 5 - 3 6 7 8 3  
LUNAR OUST LAYER WITH PROTONS I N  SOLAR WINO 
OISPLACING ATOMS I N  GRAINS, THUS S INTERING OUST 
THROUGH O I F F U S I O N  I N T O  POROUS STRUCTURE 
A 6 6 - 1 3 3 3 8  
LUNAR OUST/OEBRIS HAZARDS ASSOCIATED WITH MANNED 
F L Y I N G  SYSTEM 
NASA-CR-61106 N 6 6 - 1 0 7 0 3  
LUNAR E c n o  
MOON SURFACE RADAR BACKSCATTER EXPERIMENTAL 
COMPARISON WITH THEORETICAL FORMULA Y I E L D I N G  
11 DEGREE RMS LUNAR SURFACE SLOPE 
A 6 5 - 2 4 7 9 4  
LUNAR RADAR REFLECTION AN0 SCATTERING FOR 
OERIVATION OF SURFACE D I E L E C T R I C  CONSTANT AN0 BULK 
OENSITY A 6 5 - 2 7 0 3 6  
LUNAR E C L I P S E  
LUNAR SURFACE DURING TOTAL E C L I P S E  MEASURED 
PHOTOELECTRICALLY I N  SPECTRAL REGION V 
A 6 5 - 3 2 5 7 6  
LUNAR ENVIRONMENT 
S I M U L A T I O N  OF LUNAR S O I L  AND ENVIRONMENT - VACUUM 
TECHNOLOGY, SURFACE CHEMISTRYI AN0 S O I L  
1-6 
SUBJECT INDEX LUNAR MAP 
)IECHAN I cs 
RE-197J , 
PETROLOGY 
Nb5-13842  NASA-CR--60509 Nb5-16264  
PROPERTIES OF SIMULATED LUNAR S O I L S  I N  LUNAR 
ENVIRONMENT 
NASA-CR-57281 N65-19775 
LUNAR EVOLUTION 
RECENT DATA ON LUNAR ATMOSPHERE, TOPOGRAPHY. 
ORIGIN,  INTERNAL STRUCTURE. AN0 SURFACE 
TEMPERATURE N65-23807  
LUNAR FAR SIDE 
COMPARISON OF MORPHOLOGICAL FEATURES OF LUNAR 
CRATERS OF LIBRATORY REGION Y I T H  THOSE OF MARIA 
AN0 REVERSE SIDE, NOTING C L A S S I F I C A T I O N  OF CRATERS 
Ab5-34252  
DATA AN0 PHOTOGRAPH ANALYSIS OF FAR S I D E  OF MOON 
PHOTOGRAPHED I N  1959 AN0 1965 NOTING TEMPERATURE 
CHANGES, MOUNTAINOUS ASPECTS BRIGHTNESS* ETC 
Ab5-34814 
LUNAR 6EOLOGY 
SOURCE OF EVOLUTION OF GAS FROM LUNAR CRATER 
ALPHONSUS ATTRIBUTED TO EXPLOSION OF ACETYLENE 
665-1514 1 
LUNAR RESOURCE EXTRACTION AN0 U T I L I Z A T I O N  I N  L I F E  
SUPPORT AN0 PROPELLANT SYSTEMS Ab5-21355  
METEORIT IC  IMPACT VS VOLCANIC O R I G I N  OF LUNAR 
CRATERS FROM SELENOGEOLOGICAL VIEWPOINT BASED ON 
ANALOGIES BETWEEN EARTH AN0 MOON 
Ab5-27715  
PRESENCE OF LUNAR HYDROSPHERE POSTULATED AS 
EXPLANATION FOR LUNAR O R I G I N  OF TERRESTRIAL 
T E K T I T E S  A65-29112  
NEW YORK ACADEMY OF SCIENCES CONFERENCE ON 
GEOLOGICAL PROBLEMS I N  LUNAR RESEARCH AT NEW 
YORK C I T Y  I N  MAY 1964 Ab5-34229  
O E F L U I O I Z A T I O N  AS OPERATIVE TERRESTRIAL AN0 LUNAR 
PROCESS CONSIDERING DIFFERENCES I N  T I M E  AN0 PLACE, 
T I D A L *  THERMAL AN0 GRAVITATIVE EFFECTS, 
LUMINESCENCE. SURFACE MORPHOLOGY, ETC 
A65-34230  
MELTING OF COMPLEX S I L I C A T E S  RELATED TO LUNAR 
GEOLOGY, EXPERIMENTING WITH DUNITE 
Ab5-34232  
TECTONIC EVIDENCE THAT MOON I S  DEAD AN0 R I G I D ,  
HAS L I T T L E  OR NO CONVECTION AN0 THAT TERRESTRIAL 
SEA FLOOR DOES NOT RESEMBLE LUNAR SURFACE 
Ab5-34242  
COMPARISON OF PHOTOMETRIC DATA TO ASCERTAIN 
PRESENCE OF WIDELY D ISTRIBUTED VOLCANIC ACTIV ITY,  
NOTING COLOR I N D I C E S  AN0 BRIGHTNESS COEFFIC IENT 
FOR LUNAR FEATURES AN0 FOR TERRESTRIAL AN0 
EXTRATERRESTRIAL MATERIALS Ab5-34250  
DATA SUPPORTING PHYSICAL LUNAR CHANGES EVALUATED 
AN0 CLASSIF IED.  NOTING EXPLANATION OF ALPHONSUS 
RED PATCHES AN0 ARISTARCHUS BANDS 
Ab5-34253  
LUNAR WATER EXTRACTION PROCESSES AN0 TYPES OF 
DEPOSIT IONS Ab5-34271  
GEOPHYSICAL MEASUREMENTS AND TECHNIQUES FOR 
SOLVING LUNAR PROBLEMS 6 6 5 - 3 4 2 7 2  
MARE HUMDRUM MODEL DERIVED FROM LUNAR SURFACE 
FEATURE O R I G I N A T I O N  AN0 CONSISTING OF B A S I N  
SUBSIDED BY T I L T I N G  AN0 FAULTING 
Ab5-35363  
ASTROGEOLOGIC STUDIES FOR SPACE F L I G H T  PROGRAM - 
LUNAR GEOLOGY. CRATER INVESTIGATIONSI  SPACE 
CHEMISTRY, PETROGRAPHY. AN0 PHOTOMETRY 
NASA-CR-59125 N65- 1 3 7 8  4 
LUNAR GEOLOGIC MAPPING PROGRAM SUMMARY OF 
PLANETARY INVESTIGATIONS,  CRATER AN0 S O L I D  STATE 
INVESTIGATIONS,  AN0 COSMIC CHEMISTRY AN0 
LUNAR AN0 PLANETARY INVESTIGATIONS - STRATIGRAPHYI 
GEOLOGIC MAPPING, CRATER EVOLUTION, INFRARED 
EMISSION AN0 REFLECTED V I S I B L E  R A D I A T I O N  FROM 
MOONI PHOTOELECTRICITY AN0 PHOTOMETRY 
NASA-CR-60510 N65-16265  
INTRODUCTION TO LUNAR GEOLOGY - LUNAR 
PHYSIOGRAPHY, STRATIGRAPHY AN0 TECTONICS 
AFCRL-65-357 Nb5-30883  
LUNAR AN0 PLANETARY X-RAY DIFFRACTION PROGRAM - 
 INSTRUMENTATION^ MINERALOGY, AN0 PETROLOGY 
NASA-CR-67 178 N65-34950  
LUNAR ROCK PETROGRAPHY BY X-RAY DIFFRACTION 
SYSTEM I N  SOFT-LANDED UNMANNED SPACECRAFT 
A66-10312  
MOON STRUCTURE, ORIGIN ,  MORPHOLOGY AN0 SURFACE 
PROPERTIES OF POLARIZATION, RADIO AN0 RADAR 
WAVELENGTH-EM I S S  ION. ETC A66-15758  
LUNAR GRAVITATIONAL EFFECT 
LUNAR CRATERS FROM HYPERVELOCITY IMPACTS AN0 
MECHANISMS FOR CRATERING AN0 MODIF ICATION 
MODIFICATIONS BY GRAVITY SLIDING, NOTING OTHER 
Ab5-34239  
LUNAR IONOSPHERE 
RADIO AN0 RADAR ASTRONOMY STUDIES OF LUNAR AN0 
PLANETARY ATCIOSPHERES AN0 SURFACES, AN0 RADAR 
STUDIES OF SUN AN0 INTERPLANETARY MEDIUM 
NASA-CR-57 184 Nb5-18944  
RADIO AN0 RADAR ASTRONOMY - LUNAR AN0 PLANETARY 
IOWOSPHERESI ATMOSPHERES, AN0 SURFACES, AN0 
RADAR STUDIES OF SUN AN0 INTERPLANETARY MEDIUM 
NASA-CR-67794 N6b-10609  
L u N ~ ~ : ~ ~ ~ ~ ~ N ~ O : ; I R  L.&H”NG S Y S T E M  CQNCInFRlNG BEARING 
CAPACITY AN0 F A I L U R E  MODES OF LUNAR SURFACE 
MATERIALS Nb5-18374  
LUNAR LANDING S I T E  
LUNAR LANDING S I T E S  AN0 ASSOCIATED STAY TIMES ON 
SURFACE USING RESULTS OF PATCHED CONIC 
APPROX I MAT I O N  
NASA-TN-0-2795 N66-15055  
LUNAR L I M B  
MAGNITUDE AN0 SCALE OF LUNAR SURFACE ROUGHNESS 
FROM RADAR DATA AN0 EFFECT OF SHADOWING NEAR LIM8 
A65-31280 
LUNAR LUMINESCENCE 
PHOTOELECTRICALLY DETERMINED PHOTOMETRIC FUNCTION 
OF MOON CORRELATED WITH COLORI NORMAL ALBEDO AN0 
GEOMORPHOLOGY A65-26789  
LUNAR SURFACE LUMINESCENCE STUDIED BY OBSERVING 
LOCAL LUMINESCENCE INCREASE DURING ECLIPSE AN0 BY 
COMPARING SOLAR SPECTRAL L I N E S  Y I T H  SPECTRAL L I N E S  
FROM LUNAR RIDGES A65-27709  
SOLAR RADIATION FACTORS INVOLVED I N  LUMINESCENCE 
FROM LUNAR SURFACE 
01-82-0410 Nb5-27663  
LUNAR MAGNETIC F I E L D  
LUNAR/MOON - ATMOSPHERE, THERMAL ENVIRONMENT, 
MAGNETIC F IELD,  SURFACE STRUCTURE, COMPOSITIONt 
MOTION, AN0 ROTATIONt AN0 TOPOGRAPHY 
N66-10995  
LUNAR MAP 
LUNAR LANDSCAPE TECTONIC MAP AND CAUSES OF CRUSTAL 
STRESSES INCLUDING CRATER RIMS. CENTRAL PEAKS, 
CRATER CHAINS AN0 L INEAR MARE RIDGES 
A65-23264  
LUNAR-CHARTING PROGRAM I N I T I A T E D  I N  1960 PRODUCED 
SERIES OF CHARTS, MOSAICS AN0 ATLASES 
A65-27043  
PRINCIPAL  STRUCTURAL ELEMENTS OF MOON AN0 
1-7 
LUNAR MARE SUBJECT INDEX 
EXPLANATION FROM GEOGRAPHIC-GEOLOGICAL APPROACH 
A65-34243 
LUNAR GEOLOGIC MAPPING PROGRAM SUMMARY OF 
PLANETARY I N V E S T I G A T I O N S t  CRATER AN0 S O L I 0  STATE 
INVESTIGATIONSt  AND COSMIC CHEMISTRY AND 
PETROLOGY 
NASA-CR-60509 N 6 5 - 1 6 2 6 4  
LUNAR AND PLANETARY I N V E S T I G A T I O N S  - STRATIGRAPHY, 
GEOLOGIC MAPPING, CRATER EVOLUTION* INFRARED 
EMISSION AN0 REFLECTED V I S I B L E  R A D I A T I O N  FROM 
MOON, PHOTOELECTRICITY AN0 PHOTOMETRY 
NASA-CR-60510 N 6 5 - 1 6 2 6 5  
LUNAR RADIAL AN0 L INEAR STRUCTURES SURROUNDING 
LUNAR MARE BASINS - PHOTOGRAPHIC AN0 TECTONIC 
MAP INTERPRETATION 
NASA-CR-62B20 N 6 5 - 2 4 1 8 4  
LUNAR LINEAR AND R A D I A L  STRUCTURE ANALYSIS USING 
TECTONIC LUNAR MAPS BASED ON LUNAR PHOTOGRAPHS 
N 6 5 - 2 4 1 8 6  
COOROINATES FOR LUNAR MAPPING PROJECT SELENOOETIC 
CONTROL SYSTEM 
TR-29 N 6 5 - 2 4 4 6 9  
LUNAR MARE 
R A D I A L  STRUCTURE SURROUNDING B A S I N S  OF LUNAR MARIA 
EXPRESSIONS OF TECTONIC ADJUSTMENT 
ORIENTALE AND IMBRIUM. P R I M A R I L Y  LINEAMENTS AS 
A 6 5 - 2 3 2 6 1  
DIAMETER D I S T R I B U T I O N  OF YOUNG AN0 OLD CRATERS ON 
LUNAR QUADRANTS I AND 111 NOTING 
I M P L I C A T I O N  FOR CRATER AN0 MARE FORMATION 
A 6 5 - 2 3 2 6 3  
S I M I L A R I T Y  OF ORIENTATION OF L I N E A R  R I L L E S ,  
WRINKLE RIDGES AND RAYS ON LUNAR SURFACE AROUND 
MARE HUMORUM SUGGESTS COMMON INTERNAL O R I G I N  
A 6 5 - 2 4 3 6 0  
PALEOVOLCANIC O R I G I N S  OF MARIA CONSIDERING 
HOMOGENEITY AND INTERNAL HEAT, CONVECTION 
CURRENTS, CHEMICAL REACTIONSt  ETC. AND MAKING 
COMPARISONS WITH EARTH SURFACE 
665-34234 
PHOTOGRAPHIC TECHNIQUE I N  STUDY OF O I M  F I N E  
STRUCTURE OF PART OF MARE IMBRIUM. NOTING EFFECT 
OF PRINTING ON SOFTER PAPER AN0 RETOUCHING 
A 6 5 - 3 4 2 5 1  
COMPARISON OF MORPHOLOGICAL FEATURES OF LUNAR 
CRATERS OF LIBRATORY REGION WITH THOSE OF MARIA 
AN0 REVERSE S I D E *  NOTING C L A S S I F I C A T I O N  OF CRATERS 
165-34252 
TERRESTRIAL STRUCTURES OF IMPACT-EXPLOSIVE O R I G I N  
RELATED TO LUNAR STRUCTURE OF S I M I L A R  APPEARANCE 
NOTING ASTROBLEMES. LUNAR CRATERS AND MARIA 
A 6 5 - 3 4 2 5 7  
LUNAR RILLES, MARIA RIDGES AND MARIA DOMES AS 
FEATURES FORMED I N  COURSE OF MARIA EVOLUTION BY 
VOLCANIC INUNDATION AN0 COLLAPSE 
A 6 5 - 3 5 3 6 2  
MARE HUMORUM MODEL DERIVED FROM LUNAR SURFACE 
FEATURE O R I G I N A T I O N  AN0 CONSISTING OF B A S I N  
SUBSIDED BY T I L T I N G  AN0 FAULTING 
A 6 5 - 3 5 3 6 3  
LUNAR RADIAL AND L I N E A R  STRUCTURES SURROUNDING 
LUNAR MARE B A S I N S  - PHOTOGRAPHIC AN0 TECTONIC 
MAP I NT ERPR ETAT I ON 
NASA-CR-62820 N 6 5 - 2 4 1 8 4  
PHOTOGRAPHIC ANALYSIS OF R A D I A L  STRUCTURES 
SURROUNDING LUNAR MARE B A S I N S  N 6 5 - 2 4 1 8 5  
LUNAR MOBILE LABORATORY / MOLABI  M I S S I O N  - 
NASA-CR-61045 N 6 5 - 2 2 9 7 2  
APOLLO PROJECT 
LUNAR PHOTOGRAPH 
CARTOGRAPHIC REDUCTION FROM LUNAR PHOTOGRAPHS OF 
A C I  C-PUBL .- 16 N 6 5 - 1 9 6 5 6  
LUNAR R A D I A L  AN0 L I N E A R  STRUCTURES SURROUNDING 
LUNAR MARE BASINS - PHOTOGRAPHIC AND TECTONIC 
MAP INTERPRETATION 
NASA-CR-62820 
PHOTOGRAPHIC ANALYSIS OF R A D I A L  STRUCTURES 
SURROUNDING LUNAR MARE B A S I N S  N 6 5 - 2 4 1 8 5  
LUNAR L I N E A R  AN0 R A D I A L  STRUCTURE ANALYSIS U S I N G  
TECTONIC LUNAR MAPS BASE0 ON LUNAR PHOTOGRAPHS 
RANGER V I 1  LUNAR PROBE 
N 6 5 - 2 4 1 8 4  
N 6 5 - 2 4 1 8 6  
LUNAR PHOTOGRAPHY 
LUNAR SURFACE TOPOGRAPHY DEDUCE0 BY RANGER LUNAR 
PROBE DATA COMBINED WITH EARLIER EARTH-BASED 
PHOTOGRAPHY ~65-23139 
PHOTDGRAPHIC TECHNIQUE I N  STUDY OF 0111 F I N E  
STRUCTURE OF PART OF MARE IMBRIUMS NOTING EFFECT 
OF P R I N T I N G  ON SOFTER PAPER AND RETOUCHING 
A 6 5 - 3 4 2 5 1  
DATA AN0 PHOTOGRAPH ANALYSIS OF FAR S I D E  OF MOON 
PHOTOGRAPHED I N  1 9 5 9  AND 1965 NOTING TEMPERATURE 
CHANGESv MOUNTAINOUS ASPECT. BRIGHTNESSt  ETC 
A 6 5 - 3 4 8 1 4  
LUNAR ORBITER FOR PHOTOGRAPHY OF APOLLO LANDING 
S I T E S  
NASA-TM-X-56116 N 6 5 - 1 8 4 5 0  
RANGER T E L E V I S I O N  SYSTEM DESIGN FOR LUNAR SURFACE 
H I G H  RESOLUTION PHOTOGRAPHY 
N 6 5 - 2 1 4 6 0  NASA-CR-62189 
INTERPRETATION AND ANALYSIS OF RANGER V I 1  LUNAR 
PROBE PHOTOGRAPHS OF LUNAR SURFACE 
NASA-CR-62347 N 6 5 - 2 2 1 6 2  
INFRARED AN0 NONINFRAREO PHOTOGRAPH COMPARISON OF 
LUNAR SURFACE 
FTO-TT-65-90/1&2 N 6 5 - 2 7 5 8 1  
COMPARISON OF COLOR AN0 BRIGHTNESS C O E F F I C I E N T S  
OF T Y P I C A L  LUNAR FORMATIONS WITH TERRESTRIAL 
ROCKS BY PHOTOGRAPHIC OBSERVATIONS 
R S I C - 4 0 3  N 6 5 - 3 0 0 7 0  
OETERMINATION OF LUNAR COOROINATES OF P O I N T S  ON 
MOON SURFACE FROM PHOTOGRAPHY - SELENOGRAPHY 
AFCRL-65-589 N 6 5 - 3 6 3 1 8  
LUNAR RAY 
HEAT FLUX FROM LUNAR E M I S S I O N  I N C I D E N T  ON SURFACE 
I N  CIRCULAR O R B I T  AS FUNCTION OF O R B I T A L  
PARAMETERS 
A I A A  PAPER 64-336 A66- 12156 
LUNAR R O V I N 6  V E H I C L E  /LRV/ 
SURFACE ROUGHNESS P R O F I L E  FOR DETERMINING LUNAR 
NEGOTIATING SMALL OBSTACLES 
NASA-TM-X-56451 N 6 5 - 2 4 1 1 7  
ROVING V E H I C L E  ENERGY REQUIREMENTS FOR 
LUNAR SCATTERING 
LUNAR SURFACE P O L A R I Z A T I O N  OEPENOENCE ON 
WAVELENGTH I N  UBV AND U G I  PHOTOMETRIC 
MEASUREMENTS ~65-30641  
LUNAR PHOTOMETRIC PROPERTIES REPRODUCIBLE FROM 
SURFACES COMPOSE0 OF DARK RANDOMLY-FALLEN GRAINS, 
NOTING D E N S I T Y  AS FUNCTION OF G R A I N  GEOMETRY AND 
I N C I D E N T  ANGLE A 6 5 - 3 5 3 6 4  
LUNAR MARIA SURFACE FEATURES AN0 FORMATION FROM LUNAR SOIL  
RANGER V I 1  PHOTOGRAPHS 166-12455 LUNAR ENVIRONMENT EFFECTS ON BEARING CAPACITY OF 
SIMULATED LUNAR S O I L  AN0 SHEAR STRENGTH BASED ON 
LUNAR MOBILE LABORATORY /MDLAB/ PENETROMETER MEASUREMENTS 
VERTICALLY POLARIZED MEDIUM FREQUENCY RADIO WAVES ASME PAPER WA/AV-13 A 6 5 - 1 9 1 0 2  
FOR OVER LUNAR HORIZON COMMUNICATION SYSTEM FOR 
. 
SUBJECT I W E X  MEASURING APPARATUS 
*OP S O I L  BLANKET I N  V I C I N I T Y  OF TERRESTRIAL 
VOLCANOES PHOTOMETRICALLY STUDIED I N  EFFORT TO 
F I N O  EQUIVALENT ON LUNAR SURFACE 
A65-20656  
TOP S O I L  BLANKET I N  V I C I N I T Y  OF TERRESTRIAL 
VOLCANOES PHOTOMETRICALLY STUDIED I N  EFFORT TO 
F I N O  EQUIVALENT ON LUNAR SURFACE 
~65-28743 
LUNAR SURFACE S O I L  OR ROCK PROFILES 
~~65-30807 
LUNAR S O I L  C O M P O S I T I W  AN0 ENVIRONMENTAL 
CONOITIONS I N  SIMULATED STUDY FROM AVAILABLE DATA. 
NOTING VACUUM EFFECT ON S I L I C A  AND O L I V I N E  
A65-30808  
SIMULATION OF LUNAR S O I L  AN0 ENVIRONMENT - VACUUM 
TECHNOLOGYr SURFACE CHEMISTRY* AN0 S O I L  
MECHANICS 
RE-197J N65-13842 
PROPERTIES OF SIMULATED LUNAR S O I L S  I N  LUNAR 
ENVIRONMENT 
NASA-CR-57281  W5-19775 
OMNIOIRECTIONAL ACCELEROMETER AND USE A S  LUNAR 
S O I L  PENETROMETER N65-20315  
LUNAR S O I L  SAMPLIWG AN0 PACKAGING TO M I N I M I Z E  
PHYSICAL DAMAGE AN0 CONTAMINATION 
NASA-CR-65000 N65-23326  
ALTERATION OF POLARIZ ING PROPERTIES OF LUNAR S O I L  
BY ACTION OF SOLAR PROTONS 
NASA-TT-F-9901 N65-33965 
SAMPLE PREPARATION FOR X-RAY OIFFRACTOMETER AN0 
GUIDELINES FOR SAMPLE SELECTION AN0 HANDLING OF 
LUNAR ROCK SPECIMENS FOR ANALYSIS 
N65-34957  
ROCK D R I L L I N G  TEST PROGRAM AN0 D R I L L I N G  PARAMETtRS 
FOR LUNAR SAMPLING N65-34958 
LUNAR TEMPERATURE 
LUNAR THERMAL EMISSION INTERPRETATION FOR SOLAR 
HEAT ABSORPTION AN0 CONDUCTION AS I N D I C A T I O N  OF 
SURFACE STRUCTURE A65-27035 
HEAT FLUX FROM LUNAR EMISSION INCIDENT ON SURFACE 
I N  CIRCULAR ORBIT  AS FUNCTION OF ORBITAL 
PARAMETERS 
A I A I  PAPER 64-336 A66-12756 
LUNARlMOON - ATMOSPHERE* THERMAL ENVIRONMENT, 
MAGNETIC F I E L D *  SURFACE STRUCTURE* COMPOSITION. 
MOTION. AND ROTATION* AND TOPOGRAPHY 
N66-10995  
LUNAR TOPO6RAPHY 
LUNAR FORMATION HYPOTHESES AND PHYSICAL FEATURES 
OEDUCEO FROM SPACE PROBE DATA WITH REGARD TO 
B U I L D I N G  STRUCTURE DESIGN AN0 RAOIATION SHIELDING 
A65-22929 
COMMUNICATIONS OF LUNAR AND PLANETARY 
LABORATORY. VOLUME 2. UNIVERSITY OF ARIZONA 
A65-23260 
LUNAR SURFACE TOPOGRAPHY OEOUCEO BY RANGER LUNAR 
PROBE DATA COMBINED WITH EARLIER EARTH-BASED 
PHOTOGRAPHY A65-23739  
P R I N C I P A L  STRUCTURAL ELEMENTS OF MOON AN0 
EXPLANATION FROM GEOGRAPHIC-GEOLOGICAL APPROACH 
A65-34243  
RAOAR MEASURED OISTANCE TO MOON CORRECTEO FOR 
EARTH ROTATION AND MOON MOTION. AN0 
TOPOGRAPHICAL HAP OF CENTRAL REGION OF MOON 
NRL-6134  N65-13802  
F E A S I B I L I T Y  OF RANGER SPACECRAFT PAYLOAD CAPSULE 
FOR SURVEY OF LUNAR TOPOGRAPHY, MEASURING LUNAR 
PHYSICAL CONSTANTS* AN0 OEVELOPING LUNAR 
S A T E L L I T E  TECHNOLOGY 
NASA-CR-60748 N65-17222  
RECENT DATA ON LUNAR ATMOSPHERE. TOPff iRAPHYv 
ORI61Ns INTERNAL STRUCTURE* AND SURFACE 
TEMPERATURE N65-23807  
LUWAR RAOIAL  AN0 L INEAR STRUCTURES SURROUI(0ING 
LUNAR MARE BASINS - PHOTOGRAPHIC AN0 TECTONIC 
MAP INTERPRETATION 
NASA-CR-62820 N65-24184  
PHOTOGRAPHIC ANALYSIS OF RADIAL  STRUCTURES 
SURROUNDING LUNAR MARE BASINS N65-24185  
LUNAR L I N E A R  AND RAOIAL  STRUCTURE ANALYSIS USING 
TECTONIC LUNAR MAPS BASE0 ON LUNAR PHOTOGRAPHS 
N65-24186  
PHOTOMETRY METHOD FOR LUNAR TOPOGRAPHY - ELEVATION 
CALCULATIONS I N  TERMS OF LENS-CENTEREO AN0 
MmN-CENTERED COORDINATE SYSTEMS 
NASA-CR-677 18 N66-10342  
DESIGNATIONt DIAMETER. P O S I T I O N t  CENTRAL PEAK 
INFORMATION* AN0 STATE OF COMPLETENESS OF 
CRATERS I N  THIRD LUNAR QUADRANT 
NASA-CR-68590 N66-13364  
RELATIVE HEIGHT F I N D I N G  METHODS FOR PHYSIOGRAPHIC 
FEATURES OF LUNAR TOPOGRAPHY - L I B R A T I O N  AN0 
TERMINATOR METHODS OF PHOTOGRAPHIC ASTROMETRY 
AFCRL-65-43 1 N66-14322  
M 
MA6111 
VAPOR CONTENT I N  ORIGINAL MAGMA AN0 THICKNESS OF 
ORIGINAL CRUST OF MOON. NOTING RANGER V I 1  
PHITOGRAPHS A65-17769  
C W R A C T E R I S T I C  LIGHT-SCATTERING CURVES FOR 23 
MAGMATIC ROCKS USE0 TO DETERMINE REFLECTION LAWS 
FOR LUNAR SURFACE COMPARISON A65-25693  
SIMULATED MAGMA I N  VACUUM AND PHYSICAL PROPERTIES 
0: TSRRESTRIAL POCKS I N  SIMULATEO LUNAR 
ENVIRONMENT PRESENTING COOLINGI THERMOCONOUCTIViTl 
AN0 PHOTOMETRIC CURVES A65-34233  
MA6WETIC SHIELDING 
LUIYAR MAGNETOSPHERIC SHIELDING OF SURFACE FROM 
SOLAR WINO I N  TERMS OF MAGNETIC MOMENT 
A65-15054  
MILWETOSPHERE 
LWAR MAGNETOSPHERIC SHIELDING OF SURFACE FROM 
SOLAR WINO I N  TERMS OF MAGNETIC MOMENT 
A65-15054  
MAP?IM6 
RAOAR SENSOR SYSTEM FOR A C Q U I S I T I O N  OF LUNAR 
SURFACE DATA - LUNAR CONTOUR MAPPING SYSTEM 
NASA-CR-65001 N65-23291 
LUNAR SURFACE MAPPING USING PHOTOMETRY 
N65-33552  
MARS SURFACE 
ANNOTATED BIBLIOGRAPHY OF SURFACE CHARACTERISTICS 
OF MOON. MARS. AN0 VENUS 
ATO-P-65-6 N65-22568  
MASS SPECTRUM 
OIST INCTION OF ROCK TYPES ON B A S I S  OF MASS 
SPECTRA. WITH REFERENCE TO LUNAR-SURFACE 
APPLICATIONS 
NASA-CR-310 
MATERIAL T E S T I W  
N65-34232  
PHYSICAL PROPERTIES OF MATERIALS I N  SIMULATED 
LUNAR SURFACE ENVIRONMENT - AOHESIONI RAOIATION 
O M A G E S  THERMAL AN0 ELECTROSTATIC EFFECTS 
AFCRL-64-910/11/  N 6 5 - 2 2 4 5 1  
MATERIALS SCIEWCE 
MAN-MAOE AN0 MAN-MANIPULATE0 MATERIALS I N  VACUUM 
OF SPACE, CONSIDERING VACUUM-SURFACE EFFECTS AN0 
METAL FATIGUE STRENGTHS A65-32739  
MEASURING APPARATUS 
GEOPHYSICAL MEASUREMENTS AN0 TECHNIQUES FOR 
1-9 
MELTING POINT SUBJECT INDEX 
SOLVING LUNAR PROBLEMS A 6 5 - 3 4 2 7 2  
MELTING POINT 
MELTING OF COMPLEX S I L I C A T E S  RELATED TO LUNAR 
GEOLOGYt EXPERIMENTING WITH DUNITE 
A 6 5 - 3 4 2 3 2  
METEORITE C O L L I S I O N  
DIAMETER O I S T R I B U T I O N  OF YOUNG AN0 OLD CRATERS ON 
LUNAR QUAORANTS I AN0 11, NOTING 
I M P L I C A T I O N  FOR CRATER AN0 MARE FORMATION 
A 6 5 - 2 3 2 6 3  
SECULAR V A R I A T I O N S  OF METEORITIC AN0 ASTEROIDAL 
FLUXES I N  EARTH- MOON REGION, USING LUNAR CRATERS 
AS RECORDS OF METEORITIC IMPACTS 
A65-26048 
METEORITIC COMPOSITION 
METEORITE HISTORY DETERMINED FROM RARE GAS 
COMPOSITION - POSSIBLE ANALYSIS OF LUNAR 
SURFACE HISTORY 
NASA-CR-62101 N 6 5 - 2 1 3 8 8  
METEORITIC CRATER 
CENTRAL PEAKS I N  LUNAR CRATERS ATTRIBUTE0 TO 
METEORITE IMPACT AN0 PENETRATION 
A 6 5 - 1 5 3 4 1  
METEORITIC IMPACT VS VOLCANIC O R I G I N  OF LUNAR 
CRATERS FROM SELENOGEOLOGICAL VIEWPOINT BASE0 ON 
ANALOGIES BETWEEN EARTH AN0 MOON 
A 6 5 - 2 7 7 1 5  
METEORITIC O R I G I N  OF LUNAR CRATER C I T I N G  AS 
EVIDENCE CRATER DIMENSIONS AS FUNCTIONS OF SIZE.  
NOTING VOLCANIC O R I G I N  OF SOME CRATERS 
A 6 5 3 4 2 3 7  
P R I N C I P A L  STRUCTURAL ELEMENTS OF MOON AN0 
EXPLANATION FROM GEOGRAPHIC-GEOLOGICAL APPROACH 
A 6 5 - 3 4 2 4 3  
INTERPRETATION OF LUNAR SURFACE FEATURES 
CONSIDERING RAYS, CRATER SHAPES AN0 METEORITIC 
IMPACTING 165-34249 
TERRESTRIAL STRUCTURES OF IMPACT-EXPLOSIVE O R I G I N  
RELATED TO LUNAR STRUCTURE OF S I M I L A R  APPEARANCE 
NOTING ASTROBLEMES, LUNAR CRATERS AN0 MARIA 
1 6 5 - 3 4 2 5 7  
BLAST-WAVE THEORY A P P L I E D  TO COMPUTATION OF 
ZONE AT SUPERSONIC FLOW CAUSE0 BY LARGE 
METEORITE S T R I K I N G  LUNAR SURFACE 
NASA-CR-67002 N 6 5 - 3 3 8 6 2  
I N A P P L I C A B I L I T Y  OF BALOWIN RELATION FOR 
DETERMINING CAUSES OF LUNAR CRATER FORMATION 
A66- 1 5 3 3 2  
MICROWAVE REFLECTOMETRY 
RADAR OBSERVATIONS OF ROCK LAVERS OF LUNAR 
SUBSURFACE BY MICROWAVE REFLECTOMETRY 
RE-186 N 6  5-2  5 28 5 
MINERALOGY 
MELTING OF COMPLEX S I L I C A T E S  RELATED TO LUNAR 
GEOLOGY, EXPERIMENTING WITH DUNITE 
A 6 5 - 3 4 2 3 2  
ROCK STANDARDS FOR LUNAR SURFACE RESEARCH SELECTED 
FROM CHEMICAL-PHYSICAL ANALYSIS OF VARIOUS IGNEOUS 
ROCKS A 6 5 - 3 4 2 7 0  
LUNAR AN0 PLANETARY X-RAY D I F F R A C T I O N  PROGRAM - 
INSTRUMENTATIONS MINERALOGY* AN0 PETROLOGY 
NASA-CR-61178 N 6 5 - 3 4 9 5 0  
MOON 
RADAR MEASURED DISTANCE TO MOON CORRECTED FOR 
EARTH ROTATION AN0 MOON MOTION* AN0 
TOPOGRAPHICAL MAP OF CENTRAL REGION OF MOON 
NRL-6134 N 6 5 - 1 3 8 0 2  
F I E L D  AN0 LABORATORY STUDIES OF SHOCK AN0 CRATER 
PHENOMENOLOGY OF MOON 
NASA-CR-60515 N 6 5 - 1 6 2 6 6  
UNEVEN DENSITY O I S T R I B U T I O N  OF MOON 
01-82-0421 N 6 5 - 2 5 6 9 8  
DETERMINATION OF LUNAR COORDINATES OF P O I N T S  ON 
MOON SURFACE FROM PHOTOGRAPHY - SELENOGRAPHY 
AFCRL-65-589 N 6 5 - 3 6 3 1 8  
MOON STRUCTURE, ORIGIN,  MORPHOLOGY AN0 SURFACE 
PROPERTIES OF POLARIZATION,  RADIO AND RADAR 
WAVELENGTH-EMISSION, ETC A 6 b - 1 5 1 5 8  
OPTICAL PROPERTIES OF LUNAR SURFACE 
NASA-CR-67973 N 6 6 - 1 1 7 7 1  
DESIGNATION* OIAMETERI  POSITION.  CENTRAL PEAK 
INFORMATION. AN0 STATE OF COMPLETENESS OF 
CRATERS I N  T H I R D  LUNAR QUADRANT 
NASA-CR-68590 
T YCHO STUDY GROUP CONFERENCE ON LUNAR SURFACE 
NASA-CR-68896 N 6 6 - 1 4 0 0 1  
N 6 6 - 1 3 3 6 4  
MOON W A K E  PROJECT 
O I S T R I B U T I O N  AN0 NATURE OF SECONDARY LUNAR CRATERS 
AS PHOTOGRAPHED BY RANGER V I 1  - HYPOTHESIS OF 
MOONQUAKES 
D 1-02-0475 N 6 6 - 1 4 5 5 0  
MORPHOLOGY 
MORPHOMETRIC PROPERTIES OF LUNAR SURFACE FROM 
LUNAR AERONAUTICAL CHARTS 
C AL-VS- 198 5-C- 1 N 6 5 - 3 0 6 5 8  
N 
NATURAL S A T E L L I T E  
COLLECTION OF SOVIET ARTICLES ON PHYSICS OF MOON 
AN0 PLANETS A 6 5 - 1 8 9 6 7  
NONLINEAR EPUATION 
T E K T I T E  FORMATION BY LUNAR ASH FLOW PROPOSEOI 
CALCULATING PRESSURE. TEMPERATURE AN0 VOIDAGE OF 
ASH FLOW FROM NONLINEAR EQUATION 
A 6 5 - 3 2 6 7 1  
0 
O P T I C A L  P O L A R I Z A T I O N  
LUNAR SURFACE P O L A R I Z A T I O N  DEPENDENCE ON 
WAVELENGTH I N  UBV AN0 U G I  PHOTOMETRIC 
MEASUREMENTS A 6 5 - 3 0 6 4 7  
O P T I C A L  PROPERTY 
EFFECTS OF P A R T I C L E  SIZE,  SURFACE COMPACTION. 
R A D I A T I O N S  HYDROGEN I O N  I R R A D I A T I O N  DOSE, AND 
COMPOSITION ON O P T I C A L  PROPERTIES OF ROCK 
POWOERS TO DETERMINE LUNAR SURFACE COMPOSITION 
NASA-CR-61554 N 6 5 - 3 6 5 5 4  
O P T I C A L  PROPERTIES OF LUNAR SURFACE 
NASA-CR-67973 N 6 6 - 1 1 7 7 1  
O P T I C A L  R E F L E C T I V I T Y  
CHARACTERISTIC LIGHT-SCATTERING CURVES FOR 23 
MAGMATIC ROCKS USE0 TO DETERMINE REFLECTION LAWS 
FOR LUNAR SURFACE COMPARISON 165-25693 
L I G H T  REFLECTION OF LUNAR SURFACE 
JPRS-2B888 N 6 5 - 1 7 4 8 9  
ORBIT CALCULATION 
PHOTOGRAPHS OF VOLCANIC SURFACES ON EARTH FOR USE 
I N  INTERPRETING LUNAR CRATER PHOTOGRAPHS - 
CALCULATIONS OF O R B I T  OF COMET AN0 PERIOD OF 
REVOLUTION OF MOON OF URANUS 
NASA-CR-69204 N 6 6 - 1 4 9 5 9  
O R I 6 1 N  
O R I G I N  AND CLASSIFICICTION OF R I L L S  ON LUNAR 
SURFACE 
NASA-TM-X-54816 N 6 5 - 3 2 1 1 7  
P 
PACKAGING 
LUNAR S O I L  SAMPLING AN0 PACKAGING TO M I N I M I Z E  
P H Y S I C A L  DAMAGE AN0 CONTAMINATION 
NASA-CR-65000 N 6 5 - 2 3 3 2 6  
1-10 
SUBJECT INOEX PLANETARY ATMOSPHERE 
PAI IT ICLE S I Z E  
EFFECTS OF PARTICLE SIZE. SURFACE COMPACTION. 
RADIATION, HYDROGEN I O N  I R R A D I A T I O N  DOSE. AN0 
COMPOSITION ON OPTICAL PROPERTIES OF ROCK 
POWDERS TO DETERMINE LUNAR SURFACE COMPOSITION 
NASA-CR-67554 W 5 - 3 6 5 5 4  
PAYLOAD 
F E A S I B I L I T Y  OF RANGER SPACECRAFT PAYLOAD CAPSULE 
FOR SURVEY OF LUNAR TOPOGRAPHYi MEASURING LUNAR 
PHYSICAL CONSTANTS. AN0 DEVELOPING LUNAR 
SATELL ITE TECHNOLOGY 
NASA-CR-BO748 N 6 5 - 1 7 2 2 2  
PETROGRAPHY 
SIMULATED MAGMA I N  VACUUM AN0 PHYSICAL PROPERTIES 
OF TERRESTRIAL ROCKS I N  SIMULATED LUNAR 
ENVIRONMENT PRESENTING COOLING, THERMOCONDUCTIVITY 
AN0 PHOTOMETRIC CURVES A65-34233  
ASTROGEOLOGIC STUDIES FOR SPACE FL IGHT PROGRAM - 
LUNAR GEOLOGY, CRATER INVESTIGATIONS, SPACE 
CHEMISTRYt PETROGRAPHY, AN0 PHOTOMETRY 
NASA-CR-59125 N65-13784  
PETROGRAPHIC COMPARISON OF EARTH AN0 LUNAR 
SURFACES BASE0 ON COLOR AN0 LUMINOSITY 
RS I C - 3 4 4  N65-15120  
CHEMICAL. PETROGRAPHICV PHYSICAL PROPERTIES, AN0 
ANALYSIS OF MATERIALS OF LUNAR O R I G I N  
NASA-CR-60516 N65-16267  
LUNAR ROCK PETROGRAPHY BY X-RAY DIFFRACTION 
SYSTEM I N  SOFT-LANDED UNMANNED SPACECRAFT 
A66-103 12 
PETROLOGY 
IGNEOUS ROCK DIFFERENTIATION AS APPLIED TO MOON1 
NOTING PRESSURE-DEPTH AN0 PRESSURE-TEMPERATURE 
PHASE RELATIONSHIPS A 6 5 - 3 4 2 3 1  
MELTING OF COMPLEX S I L I C A T E S  RELATED TO LUNAR 
GEOLOGY, EXPERIMENTING WITH DUNITE 
A65-34232  
LUNAR AN0 PLANETARY X-RAY DIFFRACTION PROGRAM - 
INSTRUMENTATION. MINERALOGY, AN0 PETROLOGY 
NASA-CR-67178 N65-34950  
PHOTOELECTRIC PHOTOMETRY 
ELECTROPHOTOMETRIC MEASUREMENTS OF COLOR EXCESSES 
AN0 I N D I C E S  OF LUNAR CRATERS 165-20087 
PHOTOELECTRICALLY DETERMINED PHOTOMETRIC FUNCTION 
OF MOON CORRELATED WITH COLOR. NORMAL ALBEDO AND 
GEOMORPHOLOGY A65-26709  
PHOTOGEOLOGY 
D I S T R I B U T I O N  AND NATURE OF SECONDARY LUNAR CRATERS 
AS PHOTOGRAPHED BY RANGER V I 1  - HYPOTHESIS OF 
MOONQUAKES 
01-82-0475 N66-14550  
PHOTOGRAPH 
STRUCTURES I N S I D E  LUNAR CRATER PHOTOGRAPHED BY 
RANGER V I 1  LUNAR PROBE N 6 6 - 1 4 6 4 4  
PHOTOGRAPH INTERPRETATION 
PHOTOGRAPHIC TECHNIQUE I N  STUDY OF D I M  F I N E  
STRUCTURE OF PART OF MARE I M B R I U M i  NOTING EFFECT 
OF P R I N T I N G  ON SOFTER PAPER AN0 RETOUCHING 
A 6 5 - 3 4 2 5 1  
RANGER V I 1  PHOTOGRAPHS COMPARED WITH HAWAI IAN 
PHOTOGRAPHS OF VOLCANIC BOMB CRATERS SUGGEST 
SECONDARY IMPACT AS MECHANISM FOR FORMATION OF 
LUNAR CRATERLETS A65-34262  
LUNAR R A D I A L  AN0 L I N E A R  STRUCTURES SURROUNDING 
LUNAR MARE B A S I N S  - PHOTOGRAPHIC AN0 TECTONIC 
MAP INTERPRETATION 
NASA-CR-62820 N 6 5 - 2 4 1 8 4  
PHOTOGRAPHIC A h A L Y S I S  OF R A D I A L  STRUCTURES 
SURROUNDING LUNAR MARE BASINS N65-24185  
PHOTOGRAPHS OF VOLCANIC SURFACES ON EARTH FOR USE 
I N  INTERPRETING LUNAR CRATER PHOTOGRAPHS - 
CALCULATIONS OF ORBIT  OF COMET AN0 PERIOD OF 
REVOLUTION OF MOON OF URANUS 
NASA-CR-69204 N66-14959  
PHOTOGRAPHIC MEASUREMENT 
NMI-OUST THEORY OF LUNAR SURFACE BASED ON 
CMIPARISON OF LUNAR PHOTOGRAPHS AND OPTICAL DATA 
JPRS-28889 N 6 5 - 1 7 4 9 0  
PHOTOMETRIC MEASUREMENT OF TERRESTRIAL ROCK 
SPECIMENS TO REPRODUCE LUNATION CURVES OF MOON 
SURFACE 
NASA-CR-65 169 N 6 6 - 1 1 8 7 6  
RELATIVE HEIGHT F I N D I N G  METHODS FOR PHYSIOGRAPHIC 
FEATURES OF LUNAR TOPOGRAPHY - L I B R A T I O N  AN0 
TERMINATOR METHODS OF PHOTOGRAPHIC ASTROMETRY 
AFCRL-65-431 N66-14322  
PHOTOMETRY 
SIMULATED SOLAR WINO BOMBARDMENT FOUND TO 
DRASTICALLY AFFECT COLOR. ALBEDO AN0 PHOTOMETRIC 
PROPERTIES OF ROCKS S I M I L A R  TO LUNAR SURFACE 
A65-34246  
PHOTOMETRIC AN0 COLORIMETRIC COMPARISON OF 
TERRESTRIAL VOLCANIC CRUSTS WITH LUNAR SURFACE 
165-34248 
ASTROGEOLOGIC STUDIES FOR SPACE F L I G H T  PROGRAM - 
LUNAR GEOLOGY. CRATER INVESTIGATIONS, SPACE 
CHEMISTRY1 PETROGRAPHYv AN0 PHOTOMETRY 
NASA-CR-59125 Nb5-13784  
THICKNESS OF DUST ON LUNAR FLOOR, INFRARED 
RADIOMETRIC TEMPERATURES OF BRIGHTER PLANETS. 
AN0 EXTENSIVE PHOTOMETRY OF MARS 
AFCRL-64-926 N65-15280  
PHOTOELECTRIC PHOTOMETRY, LUMINESCENCEI AN0 
POLARIMETRY OF LUNAR SURFACE - SELENOGRAPHY 
NASA-CR-58739 N 6 5 - 2 9 4 9 1  
P l n T n Y F T R I C  MEASUREMENTS OF SIMULATED LUNAR 
SURFACES 
NASA-CR-65003 N65-30050  
LUNAR SURFACE MAPPING USING PHOTOMETRY 
N65-33552  
PHOTOMETRY METHOD FOR LUNAR TOPOGRAPHY - ELEVATION 
CALCULATIONS I N  TERMS OF LENS-CENTERED AN0 
ROON-CENTERED COORDINATE SYSTEMS 
NASA-CR-67718 N66-10342  
PHYSICAL PROPERTY 
CHEMICAL, PETROGRAPHIC, PHYSICAL PROPERTIES1 AN0 
ANALYSIS OF MATERIALS OF LUNAR O R I G I N  
NASA-CR-60516 N65-16267  
OBSERVABLE PROPERTIES OF CRATERS I N  SECOND LUNAR 
QUADRANT 
NASA-CR-57208 N65-18937  
PHYSICAL PROPERTIES OF MATERIALS I N  SIMULATED 
LUNAR SURFACE ENVIRONMENT - ADHESION. RADIATION 
DAMAGE, THERMAL AN0 ELECTROSTATIC EFFECTS 
AFCRL-64-970/ I I/ N 6 5 - 2 2 4 5 1  
PHYSICAL PROPERTIES OF LUNAR SURFACE REVIEWED 
N65-34934  
PLANET 
THICKNESS OF OUST ON LUNAR FLOOR1 INFRARED 
RADIOMETRIC TEMPERATURES OF BRIGHTER PLANETS. 
AN0 EXTENSIVE PHOTOMETRY OF MARS 
AFCRL-64-926 N65-15288  
LUNAR AN0 PLANETARY INVESTIGATIONS - STRATIGRAPHY, 
GEOLOGIC MAPPING1 CRATER EVOLUTION, INFRARED 
EMISSION AN0 REFLECTED V I S I B L E  RADIATION FROM 
MOON. PHOTOELECTRICITY AN0 PHOTOMETRY 
NASA-CR-60510 N65-16265  
PLANETARY ATMOSPHERE 
COLLECTION OF SOVIET ARTICLES ON PHYSICS OF MOON 
AN0 PLANETS A65-10967  
RADIO AN0 RADAR ASTRONOMY STUDIES OF LUNAR AN0 
1-11 
PLANETARY EXPLORATION SUBJECT INDEX 
PLANETARY ATMOSPHERES AN0 SURFACES, AN0 RADAR 
STUDIES OF SUN AN0 INTERPLANETARY MEOIUH 
NASA-CR-57184 N 6 5 - 1 8 9 4 4  
RADIO AN0 RADAR ASTRONOMY - LUNAR AN0 PLANETARY 
IONOSPHERES, ATMOSPHERES. AN0 SURFACES, AN0 
RADAR STUDIES OF SUN AN0 INTERPLANETARY MEOIUH 
NASA-CR-67794 N 6 6 - 1 0 6 0 9  
PLANETARY EXPLORATION 
LUNAR AN0 PLANETARY X-RAY D I F F R A C T I O N  PROGRAM - 
INSTRUMENTATIONS MINERALOGY, AN0 PETROLOGY 
NASA-CR-61178 N 6 5 - 3 4 9 5 0  
PLANETARY R A D I A T I O N  
H I G H  ENERGY SURFACE R A D I A T I O N  EHISSIONS USEO TO 
STUDY SURFACE STRUCTURE OF MOON AN0 PLANETS 
A 6 5 - 2 6 9 1 5  
CHARACTERISTICS OF LUNAR RADIO E M I S S I O N  CONSIOERED 
TAKING I N T O  ACCOUNT AVERAGING EFFECT OF ANTE"+ 
RADIATION PATTERN A 6 5 - 3 6 5 5 5  
PLANETARY P O L A R I Z A T I O N  AN0 LUNAR SURFACE - 
LITERATURE SURVEY AN0 BIBLIOGRAPHY 
RM-271 N 6 5 - 3 6 2 0 7  
MOON STRUCTURE, ORIGIN,  MORPHOLOGY AN0 SURFACE 
PROPERTIES OF POLARIZATIONI RADIO AN0 RADAR 
WAVELENGTH-EMISSION, ETC 6 6 6 - 1 5 7 5 8  
PLANETARY SURFACE 
BOOK ON LUNAR AN0 PLANETARY SURFACE CONDITIONS 
WITH DESCRIPTIONS OF ATMOSPHERIC EFFECTS, L I F E  
DETECTION AND DATA COLLECTING SYSTEHS 
AIS-26272 
LUNAR AN0 PLANETARY TERRAIN ROUGHNESS I N  TERHS OF 
CURVATURE S T A T I S T I C S  BASEO ON RANGER V I 1  AN0 
A I A A  PAPER 65-389 
RADIO AN0 RADAR ASTRONOMY STUDIES OF LUNAR AN0 
PLANETARY ATMOSPHERES AN0 SURFACESI AN0 RADAR 
STUDIES OF SUN AN0 INTERPLANETARY MEDIUM 
NASA-CR-57184 N 6 5 - 1 8 9 4 4  
RADIO AN0 RADAR ASTRONOHY - LUNAR AN0 PLANETARY 
IONOSPHERES. ATHOSPHERESI AN0 SURFACESI AN0 
RADAR STUDIES OF SUN AN0 INTERPLANETARY MEDIUM 
NASA-CR-67794 N 6 6 - 1 0 6 0 9  
PHOTOGRAPHS OF VOLCANIC SURFACES ON EARTH FOR USE 
I N  INTERPRETING LUNAR CRATER PHOTOGRAPHS - 
CALCULATIONS OF O R B I T  OF COMET AN0 PERIOD OF 
REVOLUTION OF HOON OF URANUS 
NASA-CR-69204 N 6 6 - 1 4 9 5 9  
POLARIZED RADAR WAVES USEO FOR DETERMINING LOCAL 
S T A T I S T I C A L  ELECTROMAGNETIC BACKSCATTERING 
PROPERTIES OF LUNAR OR OTHER PLANETARY SURFACE 
NASA-CR-69202 N 6 6 - 1 4 9 6 2  
BONITA LAVA FLOW CONTOUR HAP ANALYSIS 
A 6 5 - 2 9 3 7 2  
POLARIHETRY 
LUNAR SURFACE POLARIZATION DEPENDENCE ON 
MEASUREMENTS 6 6 5 - 3 0 6 4 7  
LABORATORY SAHPLES OF VOLCANIC CINDER PARTICLES 
MEASURE0 FOR COMPARISON WITH MOON, U S I N G  
PHOTOPOLARIMETER FOR WAVELENGTH DEPENDENCE OF 
POLARIZATION AN0 BRIGHTNESS A 6 5 - 3 2 4 1 1  
PHOTOELECTRIC PHOTOHETRYI LUMINESCENCE* AN0 
POLARIHETRY OF LUNAR SURFACE - SELENOGRAPHY 
NASA-CR-58739 N 6 5 - 2 9 4 9 1  
POLARIMETRY MEASUREHENTS OF ELECTROMAGNETIC 
RAOIATION REFLECTED FROM LUNAR SURFACE 
RM-276 N 6 6 - 1 0 4 8 2  
WAVELENGTH IN uav AND UGI PHOTOMETRIC 
POLARIZATION 
VERTICALLY POLARIZED MEDIUM FREQUENCY RAOIO WAVES 
FOR OVER LUNAR HORIZON COHMUNICATION SYSTEH FOR 
LUNAR HOBILE LABORATORY / MOLABI  M I S S I O N  - 
NASA-CR-61045 N 6 5 - 2 2 9 7 2  
PLANETARY POLARIZATION AN0 LUNAR SURFACE - 
APOLLO PROJECT 
LITERATURE SURVEY AN0 BIBLIOGRAPHY 
RH-271 N 6 5 - 3 6 2 0 7  
POLARIZATION CHARACTERISTICS 
POLYCHROMATIC POLARIMETRY OF SOME LUNAR AREAS AN0 
POLARIZATION DEPENDENCE ON WAVELENGTH, NOTING 
UHOV EFFECT A65-18968 
SPECTRAL-POLARIZATION CHARACTERISTICS OF LUNAR 
SURFACE 
R S I C - 3 1 2  N 6 5 - 1 5 1 1 4  
ALTERATION OF P O L A R I Z I N G  PROPERTIES OF LUNAR S O I L  
BY ACTION OF SOLAR PROTONS 
NASA-TT-F-9901 N 6 5 - 3 3 9 6 5  
POLARIZED L I G H T  
LABORATORY SAHPLES OF VOLCANIC CINDER PARTICLES 
HEASUREO FOR COMPARISON WITH HOONI USING 
PHOTOPOLARIMETER FOR WAVELENGTH OEPENOENCE OF 
POLARIZATION AN0 BRIGHTNESS A 6 5 - 3 2 4 1 1  
POROSITY 
LUNAR OUST LAYER WITH PROTONS I N  SOLAR WINO 
D I S P L A C I N G  ATOHS I N  GRAINS, THUS S I N T E R I N G  OUST 
THROUGH D I F F U S I O N  I N T O  POROUS STRUCTURE 
666-13338 
P R O B A B I L I T Y  D I S T R I B U T I O N  
STOCHASTIC MOOEL FOR OBSERVABLE O I S T R I B U T I O N  OF 
OIAHETERS OF LUNAR CRATERS A 6 5 - 1 7 7 6 6  
STOCHASTIC MOOEL OF FORMATION AN0 SURVIVAL OF 
LUNAR CRATERS - APPROXIMATE D I S T R I B U T I O N  OF 
DIAHETER OF A L L  OBSERVABLE CRATERS 
RH-4681-PR N 6 5 - 3 6 7 1 5  
PROGRAH HANAGEHENT 
STRETCH-OUT OF APOLLO PROGRAM, EVALUATING COST 
ASPECT AN0 SPACE ENVIRONMENT EFFECTS ON T I H E  
SCHEDULING A 6 5 - 1 5 0 9 6  
PROPELLANT CDHPOUND 
LUNAR RESOURCE EXTRACTION AN0 U T I L I Z A T I O N  I N  L I F E  
SUPPORT AN0 PROPELLANT SYSTEHS A 6 5 - 2 1 3 5 5  
PULSE RADAR 
OECAHETER WAVE RADAR STUDIES OF LUNAR SURFACE 
pa167681 N 6 5 - 3 3 6 6 6  
OECAHETER WAVE RADAR STUDIES OF LUNAR SURFACE 
N 6 5 - 3 3 6 6 7  
R 
RADAR 
RADAR AN0 RAOIOHETRY HOON STUDY - DATA ON LUNAR 
SURFACE. REFLECTION C O E F F I C I E N T v  AND D I E L E C T R I C  
CONSTANT 
ALI-609384 N 6 5 - 1 9 3  13 
RADAR ASTRONDHY 
LUNAR RADAR REFLECTION AN0 SCATTERING FOR 
D E R I V A T I O N  OF SURFACE D I E L E C T R I C  CONSTANT AN0 BULK 
DENS I TY A 6 5 - 2 7 0 3 6  
R A D I O  AN0 RADAR ASTRONOHY STUDIES OF LUNAR AN0 
PLANETARY ATNOSPHERES AND SURFACESt AN0 RADAR 
STUDIES OF SUN A N 0  INTERPLANETARY MEOIUH 
NASA-CR-57184 N 6 5 - 1 8 9 4 4  
L U N I T E  HOOEL BASEO ON ASTRONOMICAL AN0 RADAR DATA 
OF RAOIO WAVE REFLECTANCE FROH LUNAR SURFACE, 
SHOWING DEPENDENCE OF REFLECTION C O E F F I C I E N T  ON 
WAVELENGTH A 6 6 - 1 0 2 1 4  
R A D I O  AN0 RADAR ASTRONOHY - LUNAR AN0 PLANETARY 
IONOSPHERES, ATMOSPHERES, AN0 SURFACES, AN0 
RADAR STUDIES OF SUN AN0 INTERPLANETARY HEOIUH 
NASA-CR-67794 N 6 6 - 1 0 6 0 9  
RADAR ECHO 
HOON SURFACE ROUGHNESS E S T I M A T I O N  FROH ANALYSIS OF 
68 CH RADAR ECHOESI U S I N G  GEOHETRIC-OPTICS HOOEL 
A 6 5 - 2 2 4 5 8  
HOON SURFACE RADAR BACKSCATTER EXPERIHENTAL 
COMPARISON WITH THEORETICAL FORMULA Y I E L D I N G  
11 DEGREE RHS LUNAR SURFACE SLOPE 
1-12 
. 
SUBJECT INDEX R A W E R  V I 1  LUNAR PROBE 
b A65-24794  
I 
MAGNITUDE AN0 SCALE OF LUNAR SURFACE ROUGWESS 
FROM RADAR DATA AN0 EFFECT OF SHADOWING NEAR L I M B  
165-31280 
ACOUSTIC S IMULATION OF LUNAR AN0 OTHER ROUGH 
SURFACES TO STUDY ELECTROMAGNETIC WAVE REFLECTION 
AN0 SCATTERING A65-32672  
RADAR MEASUREMENT 
RADAR MEASURED DISTANCE TO MOON CORRECTED FOR 
EARTH ROTATION AM0 M O W  MOTIONS AND 
TOPOGRAPHICAL MAP OF CENTRAL REGION OF MOON 
NRL-6134 N65-13802  
RADAR OBSERVATION 
RADAR OBSERVATIONS OF ROCK LAYERS OF LUNAR 
SUBSURFACE BY MICROWAVE REFLECTOMETRY 
RE-186 1165-25285 
RADAR BACKSCATTERING FOR TENUOUS SURFACE LAYER ON 
MOON A66-13895 
RADAR RECEPTIDN 
POLARIZED RADAR WAVES USED FOR DETERMINING LOCAL 
S T A T I S T I C A L  ELECTROMAGNETIC BACKSCATTERING 
PROPERTIES OF LUNAR OR OTHER PLANETARY SURFACE 
NASA-CR-69202 N66-14962 
RADAR SYSTEM 
RADAR SENSOR SYSTEM FOR A C Q U I S I T I O N  OF LUNAR 
SURFACE DATA - LUNAR CONTOUR MAPPING SYSTEM 
NASA-CR-65001 N65-23291 
R A D I A T I O N  DETECTOR 
LOW LEVEL R A D I A T I O N  ALTIMETER FOR MEASURING 
ALT ITUDE 50 FEET ABOVE LUNAR SURFACE 
NASA-CR-57631 1165-20421 
R A D I A T I O N  DOSE 
EFFECTS OF PARTICLE S IZE,  SURFACE COMPACTIONt 
E A J i A i i i X t  HIDXCGEY IO?! I R R l n I A T l f l N  DOSE. AN0 
COMPOSITION ON OPTICAL PROPERTIES OF ROCK 
POWDERS TO DETERMINE LUNAR SURFACE COl lPOSITION 
NASA-CR-61554 N65-36554  
R A D I A T I O N  EFFECT 
SIMULATED SOLAR WINO BOMBARDMENT FOUND TO 
DRASTICALLY AFFECT COLOR, ALBEDO AN0 PHOTOMETRIC 
PROPERTIES OF ROCKS S I M I L A R  TO LUNAR SURFACE 
I A65 -34246  
R A D I A T I D N  F I E L D  
CHARACTERISTICS OF LUNAR RADIO EMISSION CONSIDERED 
TAKING I N T O  ACCOUNT AVERAGING EFFECT OF ANTENNA 
R A D I A T I O N  PATTERN A65-36555  
RADIO ASTRWCWY 
RADIO AND RADAR ASTRONOMY - LUNAR AND PLANETARY 
IONOSPHERES. ATMOSPHERES, AN0 SURFACES, AND 
RADAR STUDIES OF SUN AN0 INTERPLANETARY MEDIUM 
NASA-CR-61794 1166-10609 
I RADIO COlWlUWICATIW 
LUNAR SURFACE RADIO COMMUNICATION 
NBS-MONOGRAPH-85 N65-14197  
VERTICALLY POLARIZED MEDIUM FREQUENCY RADIO WAVES 
FOR OVER LUNAR HORIZON COMMUNICATION SYSTEM FOR 
LUNAR MOBILE LABORATORY I MOLABl  M I S S I O N  - 
NASA-CR-61045 1165-22972 
I 
APOLLD PROJECT 1 
I 
RADIO EMISSION 
LUNAR SURFACE R A D I O  EMISSION AN0 DIFFERENCES I N  
UPPER LAYER OF MARIA  AN0 CONTINENTAL REGIONS 
165-26229 
I LUNAR SURFACE R A D I O  EMISSION AN0 DIFFERENCES I N  
UPPER LAYER OF M A R I A  AN0 CONTINENTAL REGIONS 
A65-32038 
I CHARACTERISTICS OF LUNAR RADIO EMISSION CONSIDERED 
T A K I N 6  I N T O  ACCOUNT AVERAGING EFFECT OF ANTENNA 
R A D I A T I O N  PATTERN A65-36555  
R A D I O  FREQUENCY 
VERTICALLY POLARIZED MEDIUM FREQUENCY RADIO WAVES 
FOR OVER LUNAR HORIZON COMMUNICATION SYSTEM FOR 
LUNAR MOBILE LABORATORY / MOLABl  M I S S I O N  - 
NASA-CR-61045 
APOLLO PROJECT 
N65-22972  
RADIO OBSERVATION 
LUNAR SURFACE MODEL FROM PHOTOPOLARIMETRIC DATA 
S N G E S T I N G  SUBSURFACE AS SMOOTH AND F IRM WITH 
L I T T L E  OR NO OUST, NOTING RADIO MEASUREMENT OF 
TEMPERATURE A65-17770  
RADIO PROBIN6 
M G N I T U D E  AM0 SCALE OF LUNAR SURFACE ROUGHNESS 
FROM RADAR DATA AND EFFECT OF SHADOWIN6 NEAR L I M B  
A65-31280  
RADIO R E F L E C T I M  
L W I T E  MODEL BASED ON ASTRONOMICAL AN0 RADAR DATA 
OF R A D I O  WAVE REFLECTANCE FROM LUNAR SURFACE* 
SHOWING DEPENDENCE OF REFLECTION COEFFIC IENT ON 
WAVELENGTH A 6 6 - 1 0 2 7 4  
RADIO WAVE 
DECAMETER HAVE RADAR STUDIES OF LUNAR SURFACE 
PB1676B1  N65-33666  
DECAMETER WAVE RADAR STUDIES OF LUNAR SURFACE 
N65-33667 
RADIOMETRY 
THICKNESS OF OUST ON LUNAR FLOOR. INFRARED 
RADIOMETRIC TEMPERATURES OF BRIGHTER PLANETS. 
AN0 EXTENSIVE PHOTOMETRY OF MARS 
A U R L - 6 4 - 9 2 6  N65-15288  
RADAR AN0 RADIOMETRY MOON STUDY - DATA ON LUNAR 
SURFACE, REFLECTION C O E F F I C I E N T t  AN0 D IELECTRIC 
CONSTANT 
AE609384 N65- 193 13 
RANDOM PROCESS 
STOCHASTIC MODEL FOR OBSERVABLE D I S T R I B U T I O N  OF 
DIAMETERS OF LUNAR CRATERS A65-17766  
RAWER V I 1  LUNAR PROBE 
VAPOR CONTENT I N  ORIGINAL MAGMA AN0 THICKNESS OF 
D R I 6 I N A L  CRUST OF MOON, NOTING RANGER V I 1  
PHOTOGRAPHS A65-17769  
LUNAR SURFACE TOPOGRAPHY DEDUCED BY RANGER LUNAR 
PROBE DATA COMBINED WITH EARLIER EARTH-BASE0 
PHOTOGRAPHY 
RANCER V I 1  PHOTOGRAPHS USED TO DRAW CONCLUSIONS 
ON COMPOSITION OF SUBSURFACE OF MOON 
A65-23739  
A65-24419  
SMALL LUNAR CRATER D I S T R I B U T I O N  AND FREQUENCY S I Z E  
DETERMINED BY LEAST SQUARES REGRESSION ON B A S I S  OF 
RANGER V I 1  PHOTOGRAPHS A65-25018  
RANGER V I 1  PHOTOGRAPHS COMPARED WITH HAWAI IAN 
PHOTOGRAPHS OF VOLCANIC BOMB CRATERS SUGGEST 
SECONDARY IMPACT A S  MECHANISM FOR FORHATION OF 
LUNAR CRATERLETS A65-34262  
CARTOGRAPHIC REDUCTION FROM LUNAR PHOTOGRAPHS OF 
A C I  C-PUBL -- 16 N65-19656 
INTERPRETATION AND ANALYSIS OF RANGER V I 1  LUNAR 
PROBE PHOTOGRAPHS OF LUNAR SURFACE 
NASA-CR-62347 N65-22162  
LUNAR CRATER-DIAMETER-DEPTH RELATIONSHIP FROM 
TERRESTRIAL IMPACT CRATER PARAMETERS 
RANGER V I 1  LUNAR PROBE 
RANGER V I 1  PHOTOGRAPHS I N  EXCELLENT ACCORD WITH 
A66-12186  
LUNAR MARIA SURFACE FEATURES AN0 FORMATION FROM 
RANGER V I 1  PHOTOGRAPHS A66-12455  
D I S T R I B U T I O N  AN0 NATURE OF SECONDARY LUNAR CRATERS 
AS PHOTOGRAPHED BY RANGER V I 1  - HYPOTHESIS OF 
MOONQUAKES 
01-82-0415 N66-14550  
STRUCTURES I N S I D E  LUNAR CRATER PHOTOGRAPHED BY 
RANGER V I 1  LUNAR PROBE N66-14644  
1-13 
RANGER PROJECl SUBJECT INDEX 
RANGER PROJECT 
F E A S I B I L I T Y  OF RANGER SPACECRAFT PAYLOAD CAPSULE 
FOR SURVEY OF LUNAR TOPOGRAPHY* MEASURING LUNAR 
PHYSICAL CONSTANTS, AND DEVELOPING LUNAR 
SATELLITE TECHNOLOGY 
NASA-CR-60148 N 6 5 - 1 7 2 2 2  
LUNAR SURFACE EROSION EVIDENCE - I M P L I C A T I O N S  OF 
NASA-CR-58463 N 6 5 - 2 9 4 5 4  
RANGER MOON PICTURES 
RARE GAS 
METEORITE HISTORY DETERMINED FROM RARE GAS 
COMPOSITION - POSSIBLE ANALYSIS OF LUNAR 
SURFACE HISTORY 
NASA-CR-62101 N 6 5 - 2 1 3 8 8  
REFLECTION C O E F F I C I E N T  
RADAR AN0 RADIOMETRY MOON STUDY - DATA ON LUNAR 
SURFACE, REFLECTION COEFFICIENTI  AN0 D I E L E C T R I C  
CONSTANT 
AD-609384 N 6 5 - 1 9 3 1 3  
L U N I T E  MODEL BASE0 ON ASTRONOMICAL AN0 RADAR DATA 
OF RADIO WAVE REFLECTANCE FROM LUNAR SURFACE, 
SHOWING OEPENOENCE OF REFLECTION C O E F F I C I E N T  ON 
WAVELENGTH 6 6 6 - 1 0 2 7 4  
R I L L  
O R I G I N  AN0 C L A S S I F I C A T I O N  OF R I L L S  ON LUNAR 
SURFACE 
NASA-TM-X-54816 N 6 5 - 3 2 1 1 7  
ROCK 
A L K A L I  METALS EVOLUTION FROM ROCKS MELTED I N  
LABORATORY UNDER ULTRAHIGH VACUUM CONOITIONS AS 
POSSIBLE LUNAR EROSION MECHANISM 
A 6 5 - 3 3 3 4 3  
ROCK STANDARDS FOR LUNAR SURFACE RESEARCH SELECTED 
FROM CHEMICAL-PHYSICAL ANALYSIS OF VARIOUS IGNEOUS 
ROCKS A 6 5 - 3 4 2 7 0  
THERMAL CONDUCTIVITY OF SOLID, POROUS AN0 POWDER 
ROCKS AN0 MINERALS AT SUBNORMAL TEMPERATURES AN0 
PRESSURES WITH RESPECT TO LUNAR SURFACE MATERIAL 
A 6 5 - 3 5 3 5 9  
COLORIMETRIC PROPERTIES OF LUNAR SURFACE FEATURES 
I N  I R  AN0 CORRELATION I N  TERRESTRIAL ROCKS 
A 6 5 - 3 5 3 6 7  
D R I L L I N G  AND BLASTING TECHNIQUES FOR EXCAVATION OF 
LUNAR ROCK SURFACE 
GSF/MECH-64-38 N 6 5 - 2 1 1 3 0  
RADAR OBSERVATIONS OF ROCK LAYERS OF LUNAR 
SUBSURFACE BY MICROWAVE REFLECTOMETRY 
RE-186 N 6 5 - 2 5 2 8 5  
D I S T I N C T I O N  OF ROCK TYPES ON B A S I S  OF MASS 
SPECTRA. WITH REFERENCE TO LUNAR-SURFACE 
NASA-CR-310 N 6 5 - 3 4 2 3 2  
SAMPLE PREPARATION FOR X-RAY DIFFRACTOMETER AN0 
GUIDELINES FOR SAMPLE SELECTION AN0 HANDLING OF 
LUNAR ROCK SPECIMENS FOR ANALYSIS 
N 6 5 - 3 4 9 5 7  
ROCK D R I L L I N G  TEST PROGRAM AN0 D R I L L I N G  PARAMETERS 
FOR LUNAR SAMPLING N 6 5 - 3 4 9 5 8  
PHOTOMETRIC MEASUREMENT OF TERRESTRIAL ROCK 
SPECIMENS TO REPRODUCE LUNATION CURVES OF MOON 
SURFACE 
NASA-CR-65169 N 6 6 - 1 1 8 1 6  
S 
SAMPLING 
LUNAR SOIL  SAMPLING AND PACKAGING TO M I N I M I Z E  
PHYSICAL OAMAGE AN0 CONTAMINATION 
NASA-CR-65000 N 6 5 - 2 3 3 2 6  
SAMPLE PREPARATION FOR X-RAY OIFFRACTOMETER AND 
GUIDELINES FOR SAMPLE SELECTION AN0 HANDLING OF 
LUNAR ROCK SPECIMENS FOR ANALYSIS 
N 6 5 - 3 4 9 5 7  
ROCK DRILLING TEST PROGRAM AND DRILLING PARAMETERS 
FOR LUNAR SAMPLING N 6 5 - 3 4 9 5 8  
S A T E L L I T E  OBSERVATION 
DATA AN0 PHOTOGRAPH A N A L Y S I S  OF FAR S I D E  OF MOON 
PHOTOGRAPHEO I N  1959 AN0 1965 NOTING TEMPERATURE 
CHANGES, MOUNTAINOUS ASPECT, BRIGHTNESSI ETC 
A 6 5 - 3 4 8 1 4  
S A T E L L I T E  O R B I T  
HEAT FLUX FROM LUNAR E M I S S I O N  I N C I D E N T  ON SURFACE 
I N  CIRCULAR O R B I T  AS FUNCTION OF ORBITAL 
PARAMETERS 
A I A A  PAPER 64-336 A 6 6 - 1 2 7 5 6  
S A T E L L I T E  PHOTOGRAPHY 
LUNAR ORBITER FOR PHOTOGRAPHY OF APDLLO LANDING 
s I T E S  
NASA-TM-X-56116 N 6 5 - 1 8 4 5 0  
SELENOGRAPHY 
S I M I L A R I T Y  OF ORIENTATION OF L I N E A R  R I L L E S ,  
WRINKLE RIDGES AN0 RAYS ON LUNAR SURFACE AROUND 
MARE HUMORUM SUGGESTS COMMON INTERNAL O R I G I N  
A 6 5 - 2 4 3 6 0  
RANGER V I 1  PHOTOGRAPHS USED TO DRAW CONCLUSIONS 
ON COMPOSITION OF SUBSURFACE OF MOON 
A 6 5 - 2 4 4 1 9  
LUNAR SURFACE HARMONIC C O E F F I C I E N T S  AS DETERMINED 
BY SELENODETIC CONTROL SYSTEM OF U.S. ARMY MAP 
SERVICE COMPARE0 WITH OTHER OERIVATIONS 
A 6 5 - 2 6 0 4 7  
PHOTOELECTRICALLY DETERMINED PHOTOMETRIC FUNCTION 
OF MOON CORRELATED WITH COLOR, NORMAL ALBEDO AN0 
GEOMORPHOLOGY A 6 5 - 2 6 7 8 9  
LUNAR-CHARTING PROGRAM I N I T I A T E D  I N  1960 PRODUCE0 
SERIES OF CHARTSs MOSAICS AN0 ATLASES 
A 6 5 - 2 7 0 4 3  
CARTOGRAPHIC REDUCTION FROM LUNAR PHOTOGRAPHS OF 
ACIC-PUBL.-16 N 6 5 - 1 9 6 5 6  
HORIZONTAL AND VERTICAL COORDINATE CONTROL FOR 
MAPPING LUNAR SURFACE FEATURES 
TR-29 N 6 5 - 2 0 8 9 8  
EPHEMERIDES FOR P O S I T I O N  DETERMINATION ON LUNAR 
SURFACE - LUNAR SIDEREAL T I M E  AN0 AUTOMATIC 
THEODOLITE FOR LUNAR SELENOGRAPHIC P O S I T I O N  
OETERM I N  AT IONS N 6 5 - 2 1 2 2 4  
COORDINATES FOR LUNAR MAPPING PROJECT SELENOOETIC 
CONTROL SYSTEM 
TR-29 N 6 5 - 2 4 4 6 9  
PHOTOELECTRIC PHOTOMETRY, LUMINESCENCEI AN0 
POLARIMETRY OF LUNAR SURFACE - SELENOGRAPHY 
NASA-CR-58739 N 6 5 - 2 9 4 9 1  
RANGER V I 1  LUNAR PROBE 
D E R I V A T I O N  OF LUNAR SURFACE HARMONIC 
C O E F F I C I E N T S  - ARMY MAP SERVICE SELENODETIC 
CONTROL 
01-82-0409 N 6 5 - 3 1 0 2 0  
DETERMINATION OF LUNAR COORDINATES OF P O I N T S  ON 
MOON SURFACE FROM PHOTOGRAPHY - SELENOGRAPHY 
AFCRL-65-589 
SURFACE SPHERICAL HARMONIC C O E F F I C I E N T S  D E R I V E 0  
FROM CONTROL SYSTEM - SELENOGRAPHY 
01-82-0443 
CATALOG OF A L L  CRATERS I N  T H I R D  LUNAR QUADRANT 
RECOGNIZABLE ON PHOTOGRAPHS AND H A V I N G  OIAMETER 
GREATER THAN 3.5 KM A 6 6 - 1 1 4 6 5  
COMMUNICATIONS O F  LUNAR AN0 PLANETARY 
N 6 5 - 3 6 3 1 8  
N 6 5 - 3 6 8 1 1  
LABORATORY A 6 6 - 1 1 4 9 3  
DESIGNATIONI DIAMETER, POSITION,  CENTRAL PEAK 
INFORMATION, AND STATE OF COMPLETENESS OF 
CRATERS I N  T H I R D  LUNAR QUADRANT 
NASA-CR-68590 N 6 6 - 1 3 3 6 4  
1-14 
t 
SUBJECT INDEX SPECTROSCOPY 
' T  YCHO STUDY GROUP CONFERENCE ON LUNAR SURFACE 
NASA-CR-68896 N 6 6 - 1 4 0 0 1  
SELEWOLIKY 
NEW YORK ACADEMY OF SCIENCES CONFERENCE ON 
GEOLOGICAL PROBLEMS I N  LUNAR RESEARCH AT NEW 
YORK C I T Y  I N  MAY 1964 A65-34229  
SELENODETIC CONTROL SYSTEM DERIVATIONS OF 
LUNAR SURFACE HARMONIC COEFFIC IENTS 
01-82-0443 N66-10373.  
SENSOR 
RADAR SENSOR SYSTEM FOR A C Q U I S I T I O N  OF LUNAR 
SURFACE DATA - LUNAR CONTOUR MAPPING SYSTEM 
NASA-CR-65001 N 6 5 - 2 3 2 9 1  
SHEAR STRENGTH 
LUNAR ENVIRONMENT EFFECTS ON BEARING CAPACITY OF 
SIMULATED LUNAR S O I L  AND SHEAR STRENGTH BASE0 ON 
PENETROMETER MEASUREMENTS 
ASME PAPER WA/AV-13 A65-19102  
SHOCK 
F I E L D  AND LABORATORY STUDIES OF SHOCK AND CRATER 
PHENOMENOLOGY OF MOON 
NASA-CR-60515 N 6 5 - 1 6 2 6 6  
S I L I C A T E  
MELTING OF COMPLEX S I L I C A T E S  RELATE0 TO LUNAR 
GEOLOGY, EXPERIMENTING WITH DUNITE 
A65-34232  
ULTRAHIGH VACUUM FRICTIONAL-ADHESIONAL BEHAVIOR 
OF S I L I C A T E S  FOR LUNAR SURFACE STUDIES 
NASA-CR-62220 N65-21770  
S I  MULATION 
LABORATORY S IMULATION OF LUMIMESCENCE OF POSSIBLE 
LUNAR SURFACE PROPERTIES INCLUDING RANGE OF 
METEORITES 
AFCRL-65-656 Nbb-12050  
S INTERING 
LUNAR OUST LAYER WITH PROTONS I N  SOLAR WINO 
DISPLACING ATOMS I N  GRAINS, THUS S INTERING OUST 
THROUGH D I F F U S I O N  INTO POROUS STRUCTURE 
A66-13338  
SOLAR PROTON 
ALTERATION OF POLARIZ ING PROPERTIES OF LUNAR S O I L  
BY ACTION OF SOLAR PROTONS 
NASA-TT-F-9901 N65-33965  
SOLAR RAOIATION 
SOLAR R A D I A T I O N  FACTORS INVOLVED I N  LUMINESCENCE 
FROM LUNAR SURFACE 
01-82-0410 N65-27663  
SOLAR R A D I A T I O N  S H I E L D  
LUNAR MAGNETOSPHERIC S H I E L D I N G  OF SURFACE FROM 
SOLAR WINO I N  TERMS OF MAGNETIC MOMENT 
165-15054 
SOLAR WIND 
SIMULATED SOLAR WINO BOMBARDMENT FOUNO TO 
DRASTICALLY AFFECT COLOR. ALBEDO AN0 PHOTOMETRIC 
PROPERTIES OF ROCKS S I M I L A R  TO LUNAR SURFACE 
A65-34246  
LUNAR DUST LAYER WITH PROTONS I N  SOLAR WIND 
D I S P L A C I N G  ATOMS I N  GRAINS. THUS S INTERING DUST 
THROUGH D I F F U S I O N  INTO POROUS STRUCTURE 
A66-13338  
SPACE CAPSULE 
F E A S I B I L I T Y  OF RANGER SPACECRAFT PAYLOAD CAPSULE 
FOR SURVEY OF LUNAR TOPOGRAPHY, MEASURING LUNAR 
PHYSICAL CONSTANTS* AN0 DEVELOPING LUNAR 
S A T E L L I T E  TECHNOLOGY 
NASA-CR-60748 N65-17222  
SPACE ENVIRONMENT 
STRETCH-OUT OF APOLLO PROGRAM, EVALUATING COST 
ASPECT AN0 SPACE ENVIRONMENT EFFECTS ON TIME 
SCHEDULING A65-15096 
MAN-MADE AN0 MAN-MANIPULATED MATERIALS I N  VACUUM 
OF SPACE. CONSIOERING VACUUM-SURFACE EFFECTS AN0 
165-32739 METAL FATIGUE STRENSTHS 
LUNAR SURFACE STUDIES - S C I E N T I F I C  BIBLIOGRAPHY 
NASA-SP-7003/01/ N65-19900  
SPACE F L I G H T  
ASTROGEOLOGIC STUDIES FOR SPACE F L I G H T  PROGRAM - 
LUWAR GEOLOGY. CRATER INVESTIGATIONS, SPACE 
CHEMISTRY, PETROGRAPHY. AND PHOTOMETRY 
NASA-CR-59125 W 5 - 1 3 7 8 4  
COSMIC RESEARCH - ARTICLES ON SPACE FLIGHT. LUNAR 
SURFACE. ATMOSPHERIC DENSITY, MOTION EQUATIONS. 
AN0 BIOASTRONAUTICS 
FTD-TT-65-B28/162 N65-34925  
SPACE PHOTOMIAPHY 
RANGER V I 1  PHOTOGRAPHS USE0 TO DRAW CONCLUSIONS 
ON COMPOSITION OF SUBSURFACE OF MOON 
A65-24419  
SPACE SCIEMCE 
COnMUNICATIONS OF LUNAR AN0 PLANETARY 
LABORATORY A66-11493  
SPACECRAFT INSTRWlENTATION 
INSTRUMENTATION DESIGN FOR LUNAR EXPLORATION* 
CONSIOERING LUNAR ATMOSPHERE AN0 SURFACE 
PROPERT I ES 
SPECTRAL ANALYSIS 
A65-26524  
DIFFERENCE I N  SPECTRAL PROPERTIES OF LUNAR 
FORMATIONS DETERMINED BY SPECTROPHOTOMETRIC 
TECHNIQUE A65-20089  
SPECTRAL EMISSION 
I R SPECTRAL DEPENDENCE OF LUNAR E M I S S I V I T Y  ON 
WAVELENGTH A65-36258  
SPECTRAL ENERGY D I S T R I B U T I O N  
LUNAR SURFACE SPECTRAL ENERGY D I S T R I B U T I O N  OVER 
SEA AND CONTINENT REGIONS BY COLOR TEMPERATURE 
MEASUREMENT 165-17942 
SPECTRAL REFLECTANCE 
SPECTRAL R E F L E C T I V I T Y  OF LUNAR SURFACE COMPARE0 
WITH SPECTROPHOTOMETRIC DATA ON TERRESTRIAL 
VOLCANIC ROCKS AN0 S I M I L A R I T I E S  FOUNO 
665-25695 
SPECTROPHOTOMETRY 
SPECTROPHOTOMETRIC MEASUREMENTS OF SELECTED 
DETAILS  ON LUNAR SURFACE USING SPECTROGRAPH 
REFLECTOR COMBINATION A65-18969  
SPECTROPHOTOMETRIC TECHNIQUE TO DETERMINE COLOR 
I N D I C E S  OF 262 SMALL AREAS ON LUNAR SURFACE 
A65-20088  
TOP S O I L  BLANKET I N  V I C I N I T Y  OF TERRESTRIAL 
VOLCANOES PHOTOMETRICALLY STUDIED I N  EFFORT TO 
F I N D  EQUIVALENT ON LUNAR SURFACE 
A65-20656  
SPECTRAL R E F L E C T I V I T Y  OF LUNAR SURFACE COMPARED 
WITH SPECTROPHOTOMETRIC DATA ON TERRESTRIAL 
VOLCANIC ROCKS AN0 S I M I L A R I T I E S  FOUNO 
A65-25695  
LUNAR SURFACE LUMINESCENCE STUDIEO BY OBSERVING 
LOCAL LUMINESCENCE INCREASE DURING ECLIPSE AN0 BY 
COMPARING SOLAR SPECTRAL L I N E S  WITH SPECTRAL L I N E S  
FROM LUNAR RIDGES A65-27709  
TOP S O I L  BLANKET I N  V I C I N I T Y  OF TERRESTRIAL 
VOLCANOES PHOTOMETRICALLY STUDIED I N  EFFORT TO 
F I N D  EQUIVALENT ON LUNAR SURFACE 
1 6 5 - 2 8 7 4 3  
SPECTROPHOTOMETRIC OBSERVATIONS OF LUNAR CRATERS 
R S I C - 3 6 1  N65-21020  
SPECTROSCOPY 
CHEMICAL FLARE FOR ANALYSIS OF CHEMICAL 
COMPOSITION AND PHYSICAL STRUCTURE OF LUNAR 
SURFACE - SPECTROSCOPICI  COMBUSTION^ IMPACTI AN0 
C O M P A T I B I L I T Y  TESTS 
NASA-CR-69194 N66-14968  
1-15 
SPHERICAL HARMONICS 
SPHERICAL HARMONICS 
SURFACE SPHERICAL HARMONIC COEFFICIENTS DERIVED 
FROM CONTROL SYSTEM - SELENOGRAPHY 
01-82-0443 N 6 5 - 3 6 8 1 1  
S T A T I S T I C A L  ANALYSIS 
O R I G I N  OF LUNAR CRATERS BY ANALYZING SURFACE 
O I S T R I B U T I O N  OF CRATERS OF G I V E N  DIAMETER 
A 6 5 - 3 1 1 8 2  
STOCHASTIC PROCESS 
STOCHASTIC MODEL OF FORMATION AN0 SURVIVAL OF 
LUNAR CRATERS - APPROXIMATE O I S T R I B U T I O N  OF 
DIAMETER OF ALL OBSERVABLE CRATERS 
RM-4681-PR N 6 5 - 3 6 7 1 5  
STRATIGRAPHY 
LUNAR AN0 PLANETARY INVESTIGATIONS - STRATIGRAPHYt 
GEOLOGIC MAPPING, CRATER EVOLUTION, INFRARED 
EMISSION AN0 REFLECTED V I S I B L E  R A O I A T I O N  FROM 
MOON, PHOTOELECTRICITY AN0 PHOTOMETRY 
NASA-CR-605 10 N 6 5 - 1 6 2 6 5  
INTROOUCTION TO LUNAR GEOLOGY - LUNAR 
PHYSIOGRAPHYI STRATIGRAPHY AN0 TECTONICS 
AFCRL-65-357 N 6 5 - 3 0 8 8 3  
SUN 
RADIO AN0 RADAR ASTRONOMY STUDIES OF LUNAR AN0 
PLANETARY ATMOSPHERES AN0 SURFACES, AN0 RADAR 
STUDIES OF SUN AN0 INTERPLANETARY MEDIUM 
NASA-CR-57184 N 6 5 - 1 8 9 4 4  
SUPERSONIC FLOW 
BLAST-WAVE THEORY APPLIED TO COMPUTATION OF 
ZONE AT SUPERSONIC FLOW CAUSE0 BY LARGE 
METEORITE S T R I K I N G  LUNAR SURFACE 
NASA-CR-67002 N 6 5 - 3 3 8 6 2  
SURFACE CHEMISTRY 
SIMULATION OF LUNAR S O I L  AN0 ENVIRONMENT - VACUUM 
TECHNOLOGYt SURFACE CHEMISTRYt AN0 S O I L  
MECHANICS 
R E - 1 9 7 J  N 6 5 - 1 3 8 4 2  
SURFACE EROSION 
A L K A L I  METALS EVOLUTION FROM ROCKS MELTED I N  
LABORATORY UNDER ULTRAHIGH VACUUM CONDITIONS AS 
POSSIBLE LUNAR EROSION MECHANISM 
165-33343 
LUNAR SURFACE EROSION EVIDENCE - I M P L I C A T I O N S  OF 
NASA-CR-58463 N 6 5 - 2 9 4 5 4  
RANGER HOON PICTURES 
SURFACE LAYER 
VARIATIONS I N  NATURE AN0 STRUCTURE OF LUNAR 
SURFACE, NOTING DENSITY AN0 THERMAL CONDUCTIVITY 
OF MATERIAL A 6 5 - 1 5 6 9 3  
RADAR BACKSCATTERING FOR TENUOUS SURFACE LAYER ON 
MOON 166-13895 
SURFACE PROPERTY 
R E L A T I O N  OF ELECTROMAGNETIC SCATTERING PROPERTIES 
OF LUNAR SURFACES AN0 LUNAR SURFACE FEATURES 
NASA-CR-57 3 13 N 6 5 - 1 9 1 6 8  
ENVIRONMENT SIMULATION FOR STUDY OF LUNAR SURFACE 
PROPERTIES 
AFCRL-64-970 N 6 5 - 2 6 2 3 2  
MORPHOMETRIC PROPERTIES OF LUNAR SURFACE FROM 
LUNAR AERONAUTICAL CHARTS 
C AL-VS- 198 5-C- 1 
LABORATORY SIMULATION OF LUMINESCENCE OF POSSIBLE 
LUNAR SURFACE PROPERTIES INCLUDING RANGE OF 
METEORITES 
AFCRL-65-656 N 6 6 - 1 2 0 5 0  
N 6 5 - 3 0 6 5 8  
SURFACE ROUGHNESS 
LUNAR AN0 PLANETARY TERRAIN ROUGHNESS I N  TERMS OF 
CURVATURE S T A T I S T I C S  BASE0 ON RANGER V I 1  AN0 
A I A A  PAPER 6 5 - 3 8 9  A 6 5 - 2 9 3 7 2  
MAGNITUDE AN0 SCALE OF LUNAR SURFACE ROUGHNESS 
FROM RADAR DATA AN0 EFFECT OF SHADOWING NEAR L I M B  
BONITA LAVA FLOW CONTOUR MAP ANALYSIS 
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Collections of NASA Documents 
N A S A  is depositing its technical documents and bibliographic tools in  eleLen Federal 
Regional Technical Keport Centers. Each Certer, located in the organizations listed belou, 
is prepared to furnish the general public such sercices as personal reference, inter-librarj 
loans, photocopy service. and assistance in obtaining retention copies of NASA documents. 
California : University of California. Berkeley Massachusetts: MIT. Cambridge 
Colorado: University of Colorado Libraries. 
District of Columbia: Library of Congress 
Georgia: Georgia Institute of Technology. 
Illinois: The John Crerar Library. Chicago Seattle 
Missouri: Linda Hall Library, Kansas City 
Pennsylvania: Carnegie Library of Pittsburgh 
Texas: Southern Methodist University. Dallas 
Boulder New York: Columbia University, New York 
Atlanta Washington: Universcty of Washington Library. 
In  addition, N A S A  publications are currently being foruarded to the public Iibraria 
in  the ciiies iisird briow 
Alabama: Birmingham 
Alaska : Anchorage 
Arizona : Phoenix 
Arkansas: Litt le Rock 
California : Los Angeles. Oakland. San Dlego. 
Colorado: Denver 
Connecticut: Hartford, Bridgeport 
Delaware: Wilmicgton 
Florida: Miami 
Louisiana: New Orleans 
Maryland: Enoch Pratt Free Library. 
Baltimore 
Massachusetts : Boston 
San Francisco 
Michigan: Detroit 
Minnesota: St Paul 
Missouri: Kansas City. St Louis 
New Jersey: Trenton 
New York: New York State Library. Brooklyn. 
North Carolina: Charlotte 
Ohio: Cleveland, Cincinnati. Dayton. Toledo 
Oklahoma: Oklahoma City 
Pennsylvania : Pittsburgh 
Tennessee. Memphis 
Texas: Fort Worth. San Antonio 
Washington: Seattle 
Wisconsin : Milwaukee 
Buffalo. Rochester 
An extensive collection of NASA and NASA-spunsored scientific and technical 
publications available to  the public for reference purposes IS maintained at the Technical 
Information Service. American lnstitutt of Aeronautics and Astronautics. 750 Third 
Avenue, Neu York.  New Y o r k ,  10017. 
P 
“ T h e  aeronautical and space actiuities o f  the  United States shall be 
coduc!ed  so as t o  contribute . . . to  the expansion of human knowl- 
edge of phenomena i n  the atttio iphere and spare. T h e  Administration 
shall provide for the widest prnc/icable and appropriate dissemination 
of information concerning iti dctiidio r and  the  resrilts thereof.” 
-NATIOI*AL AERONAUTICS A N D  SYACE ACT OF 1958 
NASA SCIENTIFIC AND TECHNICAL PUBLICATIONS 
TECHNICAL REPORTS: Scientific and technical information considered 
important, complete, and a lasting contribution to existing knowledge. 
TECHNICAL NOTES: 
importance as a contribution to existing knowledge. 
TECHNICAL MEMORANDUMS: 
tion because of preliminary data, security classification, or other reasons. 
CONTRACTOR REPORTS: 
with a NASA contract o r  grant and released under NASA auspices. 
TECHNICAL TRANSLATIONS: Information published in a foreign 
language considered to merit NASA distribution in English. 
SPECIAL PUBLICATIONS: Information derived from or of value to NASA 
activities. Publications include conference proceedings, monogrdphs, data 
compilations, handbooks, sourcebooks, and special bibliographies. 
TECHNOLOGY UTILIZATION PUBLICATIONS: Information on tech- 
nology used by NASA that may be of particular interest in coninierci.il and other 
nonaerospdce applications. Publications include Tech Briefs; Technology 
Utilization Reports and Notes; and Technology Surveys. 
Information less broad in scope but nevertheless of 
Information receiving limited distribu- 
Technical information generated in connection 
Details on the availability of these publications may be obtained from: 
SCIENTIFIC AND TECHNICAL INFORMATION DIVISION 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
Washington, D.C. 20546 
